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PREFACE. 



The following chapters were written to exemplify the 
use of the geometrical method in treating problems 
involving the flow of electricity arising from the 
existence of sources of electro-motive force whose 
intensity undergoes harmonic variation. 

The greater number of them appeared originally 
in the Electrician newspaper, others have appeared 
in the Transactions of the Physical Society, and in 
the Philosophical Magazine, 

That on Condenser- Transformers has not been pre- 
viously published. 

THOMAS H. BLAKESLEY. 



Royal Naval College, Geeenwich, 
K May, 1889. 
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CHAPTBE I. 

SELF-INDUCTION. 

It is often taken for granted that the simple form of 
Ohm^s law — ^total B.M.F. -r total resistance = total current 
— is true for alternating currents. That is to say, the 
E.M.F. employed in the formula is taken to be the 
sum of the impressed E.M.F/s alone. That there are 
causes which modify the value of the current as deduced 
from this simple equation, such as mutual or self-in- 
duction, or the action of condensers, is often acknow- 
ledged in text books, and the values and laws of 
variation of the current are correctly stated for certain 
cases of instantaneous contact and breaking of circuit. 
But the effect of an alternating B.M.F. upon a circuit 
affected by self-induction, mutual-induction, and con- 
densing action, has not been, as far as I know, put into 
a tangible working form.* I propose to deal with the 
case where the impressed B.M.F. is subject to simple 
harmonic variation — that is to say, the sort of variation 

* Dr. Hopkinson has quite recently dealt with some of the 
cases of alternating currents in a paper read before the Society 
of Telegraph Engineers and Electricians. 

Al. Cu. T> 
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which takes place in the apparent distance of a satellite 
from its primary, as seen by an eye situated in the plane 
of revolution, and at an indejBnitely great distance from 

the orbit. The form of the law is simply aj = fc sin ( ^i — V ) } 

where t is the symbol for time, t' being the value at 
the particular epoch when x is zero, x representing the 
magnitude subject to the variation under consideration. 
Since the sine of no angle can exceed unity, h is the 
maximum value of a?. T is half the period or the time 
required for x to vary from its greatest positive value 
to its greatest negative. 

This sort of variation is exactly that which the E.M.F. 
undergoes in the case of a coil, turned round auy axis 
at a uniform rate in a uniform magnetic field, and ist 
very approximately the case in a large number of 
motions occurring in practice. It is also the case when 
a small bar magnet revolves at the centre of a coil, 
exactly when the magnet is very small, compared with 
the coil, and highly approximately in other cases. The 
variation of telephonic currents, as produced in a Bell 
telephone, is also harmonic. 

Let a straight line of fixed length, and situated in 
the plane of the paper, undergo uniform rotation in 
that plane. Then its projection upon a fixed indefinitely 
long line also in that plane will undergo harmonic vari- 
ation, and may represent any magnitude capable of 
undergoing such change [e.g, an electromotive force), 
the maximum value of this varying magnitude being 
represented by the revolving line itself. The period in 
which the revolving line makes one complete revolution 
is the period of the change. Hence, if we know the 
position of the fixed line and of the revolving line at 
any instant, we can say in what particular phase the 
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magnitude undergoing harmonic change is at that in- 
stant. For instance, suppose these lines make 30° with 
each other, we can say at once that the magnitude is 
removed from its maximum value by an interval of time 
equal to one twelfth of the period. If the angle is at 
the instant increasing, the magnitude has passed its 
maximum value that interval of time ago. If the angle 
is growing less, the magnitude will attain its maximum 
after that interval of time. It is therefore necessary to 
fix a positive direction of rotation as representing the 
positive lapse of time. [That direction which is oppo- 
site to that of the hands of a watch will here be 
adopted.] 

It follows that when we have two such electromo- 
tive forces acting in the same circuit, having different 
maximum values but the same Period, since each is 
represented by the projection of a revolving straight 
line upon a fixed straight line, the resultant electromo- 
tive force at the instant is the algebraical sum of the 
individual projections. And if the two revolving lines 
are laid down as the two sides of a triangle taken in 
order, the rotation being uniform and the same for both 
lines, the lines will remain always inclined at the same 
angle to each other, and the algebraical sum of their 
projections is the projection of the third side. Thus, 
in the matter of such electromotive forces, we have a 
theorem exactly corresponding to the triangle of 
directed quantities. 

We may extend this mode of representing such 
quantities so as to form a theorem corresponding to the 
polygon of directed quantities, and cite it thus ; — 

"If the straight lines AB, BC, CD,... ST represent 
the maximum values of different electromotive forces, 
and, as to direction, are so laid down upon the paper 
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that their projections upon a fixed straight line repre- 
sent at some point of time the instantaneous values of 





Fig. 1. 

those electromotive forces^ their instantaneous resultant 
is the projection of the simple straight line AT." 

If, in any particular case, we have taken into con- 
sideration all the electromotive forces concerned, then 
clearly the line representing the resultant corresponds 
in phase with the instantaneous current; and if by 
scaling or calculation we find the value of this resultant 
in volts, we have only to divide by the resistance in 
ohms to obtain the maximum value of the alternating 
current resulting from all the component electromotive 
forces. This is true, even if one of the electromotive 
forces is that of self-induction. But suppose we have 
arrived at a preliminary resultant by compounding all 
the electromotive forces with the exception of that of 
self-induction j we then require the final resultant, and 
we obtain it by remembering that it must be at right 
angles to the electromotive force of self-induction ; for 
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the electromotive force of self-induction must be greatest 
when the current is passing through zero : therefore it 
must have its projection on the fixed line greatest when 
that of the final resultant (corresponding with the cur- 
rent) is zero. Therefore the final resultant and the 
electromotive force of self-induction must be to the pre- 
liminary resultant as the two sides of a right-angled 
triangle including the right angle, are to the hypothen- 
use; and as we already possess the hypothenuse, we 
have only to determine the ratio of the sides, and upon 
which side of the hypothenuse they must be placed, in 
order fully to determine the position and size of the 
final resultant and the electromotive force of self- 
induction. The geometrical construction is as follows : — 
From one end of the preliminary resultant set off an 
angle in the negative direction of rotation, whose tan- 
gent is equal to the product of the coefficient of self- 
induction and the angular velocity of rotation divided 




Fig. 2. 

by the resistance, and then complete the right-angled 
triangle. For if ABC is such a triangle, — AB, BC, AC 
representing respectively the preliminary resultant, the 
electromotive force of self-induction, and the final re- 
sultant at the maximum values, — it is clear that the 
maximum rate of increase of the resultant electromotive 
force will be AC x angular velocity. Divide this by 
the resistance, and the maximum rate of increase in the 
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current is obtained, whicli, multiplied by the coefficient 
of self-induction, most give the maximum electromotive 
force of self-induction, from the fundamental conception 
of that magnitude. 

Hence, in symbols, if r = the resistance, 

L = the coefficient of self-in- 
duction, 
o) = the angular velocity, 

BC = APa)L, 
r 

or ?S = tanBAC = ':^. 

AC r 

If 2T is the period, o> = ?^, /. tan BAC = J^. 
1l xr 

And since the electromotive force of self-induction must 
be greatest and -f ve when the current is changing 
through zero from ^ve to —ve, it is clear that the phases 
of the electromotive force of self-induction -must follow 
those of the final resultant electromotive force at an 
interval of time represented by a quarter of the period. 
Thus the above construction is justified. 

As many of the problems involving alternating cur- 
rents can be very well exhibited and solved by geo- 
metrical methods, I shall give one or two geometrical 
propositions which will render the diagrams that may 
occasionally be required easier of comprehension. 

Geometrical Proposition I. 

If AB, AC, are two lines in the plane of AX, AY, 
which revolve round a line drawn through A at right 
angles to this plane, at a uniform rate, the angle CAB 
being therefore maintained constant, to find a geo- 
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metrical expression for the mean value of the product 
of the projections of AB, AC upon AX. 




0' "Ta 



L D 



Fig. 3. 



From B and draw BD, CB, perpendicular to AX. 

Draw AB' perpendicular to AB, and make AB' 
equal to AB. 

Draw AC perpendicular to AC, and make AC 
equal to AC. Then AB', AC represent the positions 
of AB, AC after revolving through one right angle. 

Draw B'D', CE' perpendicular to XA produced. 

Then the angle AB'D' is equal to the angle BAD, 
and the angle ACE' is equal to the angle CAB. 

Now 

AB, AD = AC, AB, cos CAB, cos BAD, 

and 

AB', AD'= AC, AB', sin ACB', sin AB'D 

= AC, AB, sin CAB, sin BAD; 

therefore 

AB, AD + AB', AD' AC, AB f ^.^ ^.^i 
1 1 = L 3 cos CAB cos BAD 

+ sin CAB, sin BAD I 

cos CAB -BAD | 



_ AC, AB 

2 

AC, AB ^.^ 
= — cos BAG. 



But the quantity upon the left of this equation re- 
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presents the mean value of the product of the projec- 
tion of AB, AC, upon AX, for two positions of the 
moving system differing by one right angle. And all 
the positions of the system may be taken in pairs 
differing by one right angle. But when two such 
positions are taken, the mean value is shown by the 
above equation to be independent of the actual position 
of the system. 

Therefore, the mean value obtained for two such 
positions is the mean value for all positions, and is 
given by the above equation, the right hand side of 
which shows it to be half the product of AB and AC 
multiplied by the cosine of the angle between them. 

It is unnecessary that the lines AB, AC should have 
a common point. If A B, CD are any two lines situated 
in one plane, and inclined to one another at a constant 
angle, while they revolve round any axis at right angles 
to the plane containing them, the mean value of the 
product of their projections on any fixed line in the 
plane containing them is half the product of their 
lengths multiplied by the cosine of the angle between 
them. 

The application of this proposition to problems in 
alternating currents is extremely simple. 

The power working at any instant in a source of 
electromotive force is the value of the product of the 
instantaneous electromotive force in question, and of the 
instantaneous current. 

Suppose one of the lines we have been considering 
represents the maximum value of an alternating electro- 
motive force varying harmonically, and acting upon a 
circuit conveying an alternating current also varying 
harmonically, and that the two have the same period. 
Suppose the second of the two lines to represent the 
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effective electromotive force througli the circuit at a 
maximum. Then the projections of these two lines 
may be taken to represent the real value of these two 
electromotive forces at some instant. If we divide the 
effective electromotive force by the resistance, we get 
the real value of the current at the instant, and the 
product of the electromotive force represented by the 
projection of the first line into the current at the instant 
represents the power at the instant exerted by the 
source of the electromotive force represented by the 
first line. 

Hence, if in the figure AB represent the maximum 
value of some electromotive force acting upon a circuit 
whose resistance is E, and AC represent the maximum 
of the effective electromotive force producing current, 
then the mean power exerted by the source of electro- 
motive force, whose maximum is AB, is equal to 

AB, AC -D . ri 
— ^ — cos BAG. 

Now, suppose that the only two electromotive forces 
acting upon the resistance R are represented by AB, 




Fig. 4. 
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BC, when at their maximum, and by the projection of 

these lines upon any fixed straight line at any other 

moment, then AC is the effective electromotive force 

acting upon the resistance R. Join AC, and produce 

it towards A to D, and draw BD perpendicular to it. 

Then, by what has been said, the power exerted by 

BC AC 
the source of BC is — ^ — cos ACB, and the power 

exerted by the source of AB is — ^^^ — cos CAB. 

This in the figure as drawn has a negative value, 

equal numerically to — ^^ — cos DAB, which, there- 

fore, represents the power doing work upon the source 

of AB, and, following the same rule, the effective power 

sending the current through the circuit is — ^ 

ACxAC _^n-^C2 

cos u = 

2R 2R 

The three powers of the primary source, of the re- 
cipient source, and that heating the circuit, are pro- 
portional respectively to 

BC cos ACB : AB cos DAB : AC, i.e., to CD : DA : AC. 

The electromotive force of self-induction is one which 
depends for its value upon the rate of increase or de- 
crease of the current. It is greatest when the current 
is increasing most rapidly, i.e., when the current is 
zero, and it is least when the current is unchanging, 
i.e., when it is at a maximum or minimum. It varies, 
therefore, harmonically, and is, in fact, an electromotive 
force which must be drawn in such a diagram of electro- 
motive forces as has been considered at right angles 
to the effective electromotive force. Its mean power, 
therefore, in a period must be zero. 



^* 
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To find its maximum value, consider that if 2 T is t 

077- 
complete period, — -, is the angular velocity of any point 

in th^ diagram. And if th^ diagram revolve round one 
extremity of the line representing the effective electro- 
motive force, the greatest rate of increase of the effective 
electromotive force is represented by the velocity of 
the other point. 

If e be the maximum value of the effective electro- 

motive force, e — r^ will represent its greatest rate of in- 

crease, and this divided by the resistance R, will re- 
present the greatest rate of increase of the current. 
If, therefore, the circuit has a self-induction coefficient 
of the value L; the maximum value of the electromotive 

•force of self-induction will be L ^om = c-^D7n > therefore, 
in the diagram ^^^ must be equal to the tangent of the 

angle between the effective electromotive force and the 
resultant of the impressed electromotive forces. 



^^^^P 
i^^ 




Fig. B. 

Thus, in the figure, if AB represent the resultant of 
the impressed electromotive forces, and AC is drawn 

so that tangent CAB=^— y-, and BC is drawn perpen- 
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dicular to AC, then BC represents the electromotive 
force of self-indnction and AC the effective electro- 
motive force. 

Suppose, now, that AB, BC are the revolving repre- 
sentatives of two electromotive forces. Then AC is 
their resultant ; C AE is an angle whose tangent is equal 

to -^, as explained; CB, BP are perpendiculars upon 

AB. Then AB is the final resultant or effective electro- 
motive force, merely requiring division by the resistance 
to give the current. 




AE 
The power derived from the source of AB is AF — — t 

AE ^^ 
the power transferred to the source of BC is FB — — . and 

the power heating the circuit is AB _ — = _ — ^ 

As regards the projection of BC, viz. FE, since (as 
here drawn) FB is in a contrary direction to AE, there 
is a transfer of power to its source. Had F been 
situated nearer to A than E is, the source of BC would 
do work and assist in heating the circuit. This ob- 



i 
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viously depends upon whether BC, AE are inclined to 
one another at an angle greater or less than a right 
angle. 

If we denominate these three powers as the power of 
the active source, the power of the recipient source, and 
the heating-power, they will be to each other in the 
proportion 

AF : FE : AB ; 

FE 

and the efficiency of transmission will be -^-=, the ratio 

* ^ V • AE ^* 

of waste being ^-=. 

The electromotive force of self-induction, properly 
speaking, exerts no power in a period. It happens, 
however, that the cores of electro-magnets become warm 
when subjected to an alternating current ; and this 
effect is generally attributed to the heat from the 
circuit reaching them by conduction. Some high 
authorities have held that the power due to any in- 
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duced electromotive force must be zero, and that the 
change of electro-kinetic momentum involves no loss of 
energy. It is certain that if there be any electromotive 
force doing work, its projection on the line of effective 
electromotive force cannot vanish ; and if any work is 
done upon the cores by the changes of polarity in one 
period, the effective electromotive force will be di- 
minished by the amount of one opposite to it in phase 
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and of such a value that if multiplied by the reduced 
effective one and divided by twice the resistance, the 
result will be the power producing the work observed 
to be done upon the cores. Such an electromotive force 
is an induced one ; but it differs from that of self-in- 
duction, as usually understood, in having its phase in 
exact opposition to that of the current. In such a case 
the diagram of electromotive forces would be as shown 
above (Fig. 7). 

Here AB is the impressed electromotive force. 
AD is the effective electromotive force. 
CD is the ordinary electromotive force of self- 
induction. 
BO is the electromotive force resulting from 
magnetic viscosity, and DC, DA are con- 
nected by the relation, — 
DC^Ltt 
DA TR 
The result of a large magnetic viscosity would be, 
therefore, to diminish the effective electromotive force 
in comparison with the impressed one, but at the same 
time to bring the two more nearly into the same phase ; 
whereas the effect of an increase in the co- efficient of 
self-induction, as commonly understood, is to diminish 
the effective electromotive force in comparison with 
the impressed one, and at the same time to increase 
the difference of phase. 

Most problems relating to self and mutual induction, 
and to the action of condensers at particular points, may 
be treated geometrically in the way indicated, as will 
be exemplified occasionally in the following chapters, 
though the analytical method is probably better in 
cases of distributed capacity. 



CHAPTER II. 

MUTUAL- INDUCTION. 

Foe the sake of brevity it will be well to describe a 
magnitude undergoing harmonic variation by its maxi- 
mum value. Thus, suppose, in Fig. 8, BD, the projection 
of a constant line, AB, upon the axis of Y, to represent 
the electromotive force at some instant acting through 
a circuit, and that the electromotive force undergoes 
the variations which this projection undergoes, it will 
be convenient to describe the electromotive force by its 
maximum value AB. 

And similarly with currents. If a current is repre- 
sented always by the projection ^f the magnitude re- 
presenting its maximum, we may talk of 'the maximum 
value as the current. 

Language based upon this convenient mode of 
expression has, in fact, been used towards the close of 
the previous article. We may employ the first pro- 
position there given to the determination of the reading 
of a dynamometer subjected to alternating currents. 

Suppose, in Fig. 1, that AB represents the current 

through one of the coils of the dynamometer, and that 

AC represents the current through the other coil. Then 

the average value of the product of these currents will 

, ACAB -D A /-I 
be —^ — cos BAC. 

16 
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But it is the average value of the product of these 
currents which will be proportional to the reading of 
the instrument. 




Fig. 8. 

Moreover, in the ordinary case the currents in the 
two coils are identical in value and coincident in phase, 
the coils being in series. 

The first consideration requires AB to be equal to 
AC, and we may take c as the value of each of them. 
The second consideration requires cos BAG to be equal 
to unity, since BAG = 0. 

Therefore, the reading of the dynamometer will be 

proportional to —. 

Thus the reading of the instrument which is produced 
by an alternating current c {i.e., whose maximum is c) 
will be produced by a uniform current whose value is 



a/2 



or -707 c. 



The method of compounding the electromotive forces 
acting in one circuit and having the same period, but 
difEering in phase, after the manner of forces and 
velocities in mechanics, is evidently true when we con- 
sider that the real electromotive force is the sum of the 
projections of each, individually projected, u^on one 
straight line. 

The graphic diagram resulting from the application 
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of this method may be advantageously employed in 
exhibiting the eflfects of an alternating B.M.F. acting 
on a circuit possessing, besides self-induction, mutual 
induction on and from another circuit possessing self- 
induction in its turn. 

As self-induction is defined to be the electromotive 
force acting through a circuit due to the increase or 
decrease of the current in the circuit itself, so mutual 
induction is the electromotive force produced in one 
circuit by the changing current in a neighbouring 
circuit. 

In each case the rate of change in the current requires 
to be multiplied by a coefficient to give the induced 
electromotive force. 

L is the usual symbol for the coefficient of self- 
induction, and M is the coefficient of mutual induction. 

Hence, if we multiply the instantaneous rate of in- 
crease of the current in the first of two coils by M, the 
coefficient of mutual induction between that coil and 
the second, we obtain the instantaneous electromotive 
force due to this increase in the second coil. 

Let L be the self-induction coefficient of the primary 
circuit. 

Let U be the self-induction coefficient of the secondary 
circuit. 

Let R and r be the resistances respectively of these 
two circuits, and 

M the coefficient of mutual induction between 
them. 

Take a line CF of magnitude h and draw CE at right 

angles to CF, and in magnitude equal to ^7^ A, so that, 

Kl 

in fact, :^^ =tan CFE. On CE as diameter describe a 

AI. Cu. . ft 
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semi-circle on the side remote from OF, and set off the 

T ' 

angle EGA, whose tangent is equal to — =^. From F 

draw FB perpendicular to AC produced, and produce 

BF towards F to G, so that FG=^AC. In CB take 

ri 

CD, so that CD bears to CB the same proportion which 

L bears to M. Join DG, and call it e. 

Then if e is the impressed electromotive force in the 

primary circuit, in phase and magnitude, CF or h will 

be the effective electromotive force in the primary 




Fig. 9. 



circuit, and CA, which call/, the effective electromotive 
force in the secondary circuit, in phase and magnitude. 
In other words, dynamometers inserted in these two 
circuits will give the same reading as if the constant 

h t 

E.M.F/S -y^ and ^ were inserted in the circuits re- 
spectively, the angles of torsion being proportional to 
the squares of these lines CF, AC respectively. 
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If we write 

, Ltt 
tan a = . 

. Mtt 

tan 7= ■^. 

, 5 Mtt 
tan 8 = ^, 

tlien CFD = a, ACE = ^8, CFE = S, and from the geometry 
of the figure we have 

/= h cos P tan i I 

e«=/* tanV + -^ + 2//. *?5Jy^5Lil«[ 
cos^ a cos a J 

Therefore we have for the equation connecting e and h 
e*= — s— {1 + cos* a cos* y8 tan* 7 tan* S + 



2 cos a cos ^ tan 7 tan h cos a +v3}> 
and for the equation connecting e and/ 

e* = — 5 o r^ . — o-ci{ 1 + cos* a cos* ^ tan* 7 tan* S + 

COS'* a cos-* p tan-* o 

2 cos a cos ^8 tan 7 tan S cos a + y8} 

If we write tan for cos a cos yS tan 7 tan S, for 

brevity's sake, these equations become : — 



6* = - 



-YaA 1 + sin 2 cos vu + fi), 



^=' Bin*0 ^^+^^^ ^ * ''''^ """^^^ ^ 
or, to express the effective electromotive forces sepa- 
rately in terms of e, 

e cos a cos ^ 

V 1 + sin 2 cos a + p 

e sin <^ cot 7 

V 1 + sin 2 ^ cos a + fi* 
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h f 

whence the expressions for the currents ^ and*-, in 

terms of the coefficients of self and mutual induction, 

the resistances and the period, become^ by the proper 

substitutions 

h eT {r«T2 + L'27r«)* 



R "^ { (MV + ErT2 _ LLV)« + ir^ T« (Lr + L'R)^}*' 
/ eTUir 



(a) 
(13) 



r { (M«7r« + RrT* - LLV)^ + 71^ T^ {In- + L'R)^}*' 

The relation which the current in the secondary coil 
bears to that in the primary is simply 

and the relation of the dynamometer readings in the 
two circuits will be as the square of this expression. 

The interesting experiments of Mr. Willoughby Smith' 
on the effects produced by inserting masses, or, as they 
were described, screens of metal in the field of two coils 
on their mutual induction, illustrate this proposition. 
Though the undulations of the primary electromotive 
force were not in this case harmonic, but were produced 
by mere commutation at the poles of a battery, yet 
there is no doubt that the effects produced in the 
secondary coils by this mode of generation would 
approximate to those illustrated here. From the figure 
it is clear that a large increase in the value of M will 
greatly diminish the proportion which h bears to e, but 
unless 1/ is largely increased, the increase of M w:ill 
not so largely alter the value of CE, upon which, with 
L', / depends. 

In the lecture which the writer had the good fortune 
to hear from Mr. Willoughby Smith, the chief omission 
seemed to be that of a dynamometer in the primary 
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coil. It is highly probable that a great falling o£E would 
have been noticed in the reading of such an instrument^ 
when the metal was placed in the field, even when the 
dynamometer in the secondary circuit showed no falling 
off of current. The faulty use of the idea of screening 
would have been made very manifest by such an ex- 
periment, for it would have seemed as if the screen had 
been enabled to maintain the effect of the radiation on 
the recipient circuit when the source of the radiation 
itself had become weaker. I have, in fact, illustrated 
this point in an experiment. 

A battery and electric tuning fork were joined in 
circuit with the primary coil of a Ruhmkorff apparatus 
of which the usual vibrator was constrained in position 
to maintain contact, the tuning fork taking its place as 
vibrator. In the secondary circuit was a Bell telephone. 
The core was removed and the apparatus set to work, 
both the tuning fork and telephone singing in unison. 
On pushing the core into its place in the centre of the 
coils, the intensity of the tone of the telephone was 
increased, but that of the tuning fork was diminished. 
The period was 4^ of one second, the tuning fork 
giving the A above tenor 0. Probably a lower note 
would have increased the effect observed. To render 
the effect on the tuning fork more evident, it is well to 
silence the telephone. This can be conveniently done 
by holding it mouth downwards, and burning a whisp of 
paper about 6 in. beneath. 

On the other hand, the figure and the formulas show 
that when the period is diminished, other things re- 
maining the same, both the effective electromotive force 
in the primary and that in the secondary circuit grow 
smaller, compared with the impressed electromotive 
force. But the equation (7) indicates that when T is 
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diminished^ i.e., when the alternations become more 
rapid, the relation of the current in the secondary 
circuit to that in the primary circuit becomes greater ; 
thus, in that part of Mr. Smith's experiments which 
dealt with an augmentation of the rate of alternation, 
the energy could hardly be said to be screened when a 
dynamometer in the primary coil would have demon- 
strated a greater falling off in the current in that circuit 
than occurs in the secondary circuit. To describe such 
an effect as due to screening would be as if one suffer- 
ing from the radiation from a grate should pull between 
himself and it a screen, which, by being drawn into the 
middle position, should, by suitable mecha,nism, cause a 
bucket of water to be emptied into the fire, and were 
then to declare that the screen had stopped the radia- 
tion by virtue of being a screen. 



CHAPTER III. 

CONDENSERS. 

In applying the geometrical method to the representa- 
tion of the effects upon the carrying power of a circuit 
of electric capacity it will be necessary to bear in mind 
carefully what is meant by capacity. An arrangement 
is said to possess capacity when the arrival and ac- 
cumulation of a certain finite quantity of electricity 
is necessary before it can exhibit a rise in potential. If 
the rise in the potential is proportional to the net 
arrival of electricity, the capacity of the condenser is 
said to be constant, and is measured by that amount of 
electricity necessary for a rise of potential of a unit 
amount. It has been denied that a voltameter is a 
condenser, but without justice. The arrival and ac- 
cumulation of electricity is necessary before the elec- 
trodes of the voltameter exhibit difference of potential. 
When this takes place, it is accompanied, not perhaps 
by what is sometimes understood as a static charge, but 
by a decomposition of the fluid, and an annexation, 
incipient or otherwise, by the electrodes of the products 
of the electrolysis. In an incipient condition, with 
which in the question of alternations we should have 
to deal, it is not certain how the quantity of electricity 
which has reached the voltameter is connected with 
the difference of potential exhibited by the electrodes. 

83 
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That is to say, the condenser of this form may not 
have a constant capacity, and therefore might disturb 
the harmonic nature of the alternations, even when the 
variation of the impressed electromotive force was truly 
harmonic. But with the more usual form of condenser, 
where there exists a constant capacity, there will be, 
indeed, upon its introduction into the system, a re- 
arrangement of the values of the current in different 
parts, but each will remain harmonic in character. 

Suppose the straight lines AB, BO, CD, etc., being 
the consecutive sides of an unclosed polygon, represent 
the values of currents conveying electricity harmonically 
to and from a point, with the same period of variation. 

Then, since the rate of arrival of electricity is repre- 
sented at any instant by the sum of the projections of 
the individual lines upon some fixed line, and the sum 
of such projections is equal to the projection of the line 
joining AD, the extreme points, therefore the arrival of 
electricity will be that due to one current of the value 
AD. 

Thus, however many harmonic currents of the same 
period are flowing into and out of a condenser, and 
whatever their differences of phase, their effect in 
charging that condenser will be that due to one harmonic 
current of the same period, and in a certain determinate 
phase as regards the actual currents. This current may 
be called the effective current. 

It will be necessary to consider, therefore, the effect 
upon a condenser of constant capacity of the arrival of 
electricity at a rate undergoing harmonic variation, for 
that rate is the effective current. 

While the current is positive, the charge is always 
increasing ; and, vice versa, the charge of the condenser 
is always decreasing when the current flows away from 
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the condenser. Hence the charge will be greatest 
when the current is changing from positive to negative 
through the value zero, and least when the current is 
changing from negative to positive through the value 
zero. 

Let us take this latter point to start from, and con- 
sider what the accumulation of electricity will be in a 
given time t. If T is half the period, the angle through 
which the line representing the current will revolve in 

time t is equal t 7p- Call this angle a. Let represent 

any angle which the line has traversed between zero 
and a by a given point of time. 

Then, if c is the maximum value of the current, c sin 
will be its value at the particular point of time con- 
sidered. Now, supposing we knew the average value 
of this current between the values of 5, zero and a, we 
should only have to multiply this average into the time t 
to find the value of the electrical accumulation. The 
factor c is constant, and therefore the accumulation 
depends upon the average value of sin between 
and a. 

The following subsidiary proposition is a mode of 
finding the value required without the use of the 
integral calculus. 

Geometrical Proposition II. 

To find the average value of sin and cos when 
varies from to a uniformly. 

Let S(a), C(a), represent respectively the average 
values of sin and cos 0^ when varies uniformly from 
to a. 

Now, the cosine of any angle between and a may 
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be expressed by cos ( k + ^ I ^r cos ( o ~ ^ ) ^ where 

if) may have all values from to -. 

Therefore all the values of ^ may be grouped into a 
number of pairs, represented by ^ ^ + ^ I and ( s "" / 

where ^ varies from to -• 

Now, cos f ^ + ^ ) = cos ^ cos —sin ^ sin ^, 

and cos I ^ — ^ I = cos ^ cos ^ + sin ^ sin ^. 

Therefore, the average value of the pair of cosines, 

cos ( ^ + I ^^^ cos ( ^ — (f> I is cos ^ cos <!>. 

Thus the average value of cos 0, where varies from 
to a uniformly, depends upon the average value of 

cos (f)y where ^ varies uniformly from to -, as in the 

following expression : — 

C(a)=cos|o(?). 

Similarly - c(?) = cos?c(«). 

Therefore C (a) = COS -COS ^ . • . . cos^C|^j. 
^^24 2** \2V 

The angle ^ becomes indefinitely small when n is 

made infinitely large, and evidently the average value 
of the cosine of a very small angle approaches unity, 

therefore C ^ is equal to unity when n is made in- 
finitely great. 
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Therefore C(a) =cos - cos t cos q. . . . ad infinitum. 

But by ordinary trigonometry 
sm a = 2 cos - . sm ^ 

= 2^ COS -^ . COS ~ . sm - 
2 4 4 

2*^ a a a a . a 

= a. — .COS ^ COS -cos - . . . .cos — sin^ 
a 2 4 8 2" 2" 



CL Cl €t 

= a . cos - cos - cos ^ . . . . 
J 4 o 

and when w is infinitely larger, 

a 

^=1. 

a 

Therefore, sin a = a cos - cos j cos 5 . . . . acJ 

2 4 8 

infinitum, and hence 

0(a) =—- . . ^ . (a) 
or the average value of cos 0, when varies uniformly 




between and a, is 



SID a 
a 



Similarly, 

sin ( rt + ) = s^'^ 9 ^^^ ^ + ^0^3 ^ sin ^, 

and sin f - — I = sin ^ cos ^ — cos ? sin <f>. 

Therefore, the average value of the pair of sines, sin 
( I + 4>) and sin ( | - ^ j is sin ^ cos ^. 
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Thus the average value of sin 6, when varies from 
to a unifoiTiIy, depends upon the average value cos 

0, where ^ varies from to ^^^ ^^ ^^ ^^^ following ex- 

pression : — 

S(a)=sin?0(|). 

But by the former portion of the proposition the value 

of C f^j has already been determined (a) to be 

a 

sm- 

a 
2" 

* 9 0> 

Therefore S (a) = ^^ ^-cosa ^, . . . . (/3) 

a a 

"2 
that is to say, the average value of sin 0, when varies 
from to a, is 

1 — cos a 

We can now deal with the electric problem, for the 
supply of electricity given by the harmonic current in a 
time t dating from the zero value of the current will be 

T .... (7) 

and the total supply during one half period is therefore 

2Tc 
fequal to — , which is the value of the above expression 
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when t IS equal to T. Daring the second half period 

this quantity of electricity is abstracted. 

Tc 
During the first quarter period the supply will be — ^ 

TT 

or half the entire quantity, and as it is convenient 
always to measure from a mean value of any harmoni- 

cally varying magnitude, we may consider — to be the 

TT 

addition or withdrawal of electricity in any of the 
quarter periods, to or from the mean value. 

The expression (7) shows that the variation in the 
supply is harmonic, and differs by a quarter period in 
phase from that of the current in the direction of retar- 
dation ; i.e., it does not come up to its maximum until 
the current has passed its maximum, the interval 
between the two events being a quarter of a period, or 
T 
2' 

Hence, if the condenser be one whose capacity is con- 
stant, the potential difference of its plates will undergo 
harmonic variation, and in a diagram of electromotive 
forces will be drawn at right angles to any line which 
is in the same phase as the effective current into the 
condenser, in the direction of retardation. If C is the 
capacity of the condenser, the amplitude of the differ- 

1 Tc 
ence of potential of its plates will be ^ — which E.M.F. 

will occur when the effective current is changing its 

direction. 

. We shall next consider the effect of connecting two 

points of a circuit with the plates of a condenser. 



CHAPTER IV. 

CONDENSER IN CIECUIT. 

Before discassing some of the effects upon the practical 
applications of electricity of coefficients of mutual and 
self-induction^ it will be well to consider the action of a 
condenser whose plates are joined to different points of 
a circuit conveying an alternating current, for we shall 
find that in cases where both capacity and coefficients 
of induction exist, they are capable not only of modify- 
ing the effects of each other, but of masking the effects 
of resistance. It may even be possible, by suitable 
adjustment of the quantities concerned, to put thK)ugh 
a resistance which is not closed a current of the same 
amount which would flow through it if it were closed, 
but denuded of the condensing apparatus and induction 
coefficient. 



6) - +> 



Fig. 10. 

In Fig. 10 suppose that G is a source of harmonically 
varying electromotive f orce, working into a circuit 
whose total resistance is B + r, and that at C there is a 
condenser of capacity connected with the circuit in 
such a way that the section of the circuit terminated by 
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the plates of the condenser and containing the source Gr 
has a resistance r, and that the remote section has a 
resistance R. We shall also suppose that there is no 
self-induction in either section of the conductor. Take 
a straight line, 0, on any convenient scale to represent 
the electromotive force of the source, and divide 00 in 
Dso thatOD : DO::r : R. 

Oalculate the quantity rn /p . w where T is half the 

period. From the nature of the quantities involved this 
quantity is necessarily positive and numerical, and it 
may therefore be represented by the tangent of an 
angle in a diagram where the lines, as in the case before 
us, are electromotive forces. 

Set off the angle OOB of such a value that its tangent 
has this value, and in the direction of retardation. 
Prom D draw DE perpendicular to OB, and join EO; 
Then OE and EO will represent in phase and magni- 
tude the eflfective electromotive forces in the two 
sections. That is to say, the current generated in r 
will be that due to an E.M.F. of the value OE operating 
upon a simple circuit of resistance r, and the current 
generated in R will be that due to an E.M.F. of the 
value EO operating upon a simple circuit of resistance 
R. To prove this, produce OE to F, and draw OF per- 
pendicular to OF. 

In the first place it is to be observed that the differ- 
ence of potential of the plates of the condenser consti- 
tutes the effective electromotive force in the circuit R. 
Also the difference between the generated E.M.F. and 
that due to the plates of the condenser constitutes the 
effective E.M.F. in the circuit r. 

But the generated E.M,F. is 00. If, therefore, EO 
does represent the E.M.F. due to the condenser — i.e.. 
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the eflfective E.M.F. in section R — it follows that OE 
will represent the effective E.M.F. in section r. Thus 
the two points to be proved stand or fall together. 




Fig. 11. 

If EC is not the effective E.M.F. in circuit R, let 
E'C be the value in phase and magnitude. Join E'O, 
E'D, and draw OF' parallel to DE'. 

Now, because E'O represents the effective E.M.F. in R, 
therefore OE' represents the effective E.M.F. in r. 



Therefore 
and 



E'O . 



-^g- is the effective current in R, 

OE' 

is the effective current in r. 



but F'E' : E'O :: OD : DC, because OF' is parallel to DE'. 
F'E':E'C::r:R, 
F'E'_E'C 
7 R' 



Therefore 
and hence 



is the effective current in R, 

r 



• Therefore 

and since 

OE' 

therefore and ^^^ are those currents considered as 

r r 



OE' 
r 
E'F' 



is the effective current ih r. 
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conveying electricity i^i^o the condenser, the positive cur- 
rent in R being of course a negative current as regards 
charging the condenser. But these are the only two 

OF' 

currents affecting the condenser ; therefore — - is the 

effective charging current of the condenser — Le,, the 
phase and magnitude of the effective E.M.F. through a 
resistance r, and producing the effective charging 
current, is represented by the line OF'. But, by what 
was proved in the last chapter, the phase of the charg- 
ing current must differ by a quarter period from that 
of the difference of potential of the plates of the con- 
denser. 

Therefore must OF' be at right angles to CE', and 
the angle DE'C be a right angle. Therefore E' must 
lie in the circumference of the semi-circle described 
upon CD as diameter. 

OF' 
Further, since — — is the effective charging current, 

OF' T 

the maximum accumulation of electricity is , and 

r IT 

therefore, if is the capacity of the condenser, the 

difference of potential of the plates of the condenser 

OF' T 1 

will be -^,which therefore should be equal to E'C. 

r irxj 

But OF' : E'D :: CO : CD by similar triangles. 

::Br+> : R 



.•.OF = E'D?^ 



Hence -gr-pv R + r T _ ^,^ 

rRTrC 



Therefore 



E'D^C-TrRr 



E'C^T.R + r 
or tan DCE' = tan DCE. 

AL Ga. 
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Therefore CE' must coincide with CE in direction, 
and because E' lies upon the semi-circle on DC, it can 
occupy no other position than B ; or EC is the effective 
E.M.F. in R, and by consequence OE is the effective 
E.M.F. in r. 

The only point remaining to be justified is the direc- 
tion in which the angle OCE has been taken. Had it 
been taken on the other side of OC, it is clear that EO 

would be at a maximum a quarter period before — , 

the effective charging current, which would be absurd. 
Hence the construction is completely justified. 

Now, it is evident, from the mode of construction, 
that OE must always be greater than OD. But had. 
there been no condenser in the system, it is clear that 
OD would have been the effective E.M.F. through the 
resistance r. The effect of the condenser, then, has 
been to increase the effective E.M.F. in this section 
and of course also to increase the current resulting from 
it. 

On the other hand, EC must necessarily be less than 
CD, which is the longest side of a right-angled triangle, 
of which EC is one of the other sides. But without the 
condenser CD would have been the effective E.M.F., 
through the section whose resistance is R. The effect 
of the condenser in the system upon this portion of it 
will be, therefore, to diminish the current. 

Hence, if the whole circuit before the introduction of 
the condenser contains a number of incandescent lamps 
in series, the joining up with the plates of the condenser 
will have opposite effects upon the lamps in the two 
portions of the circuit. The light of those situated 
between the condenser and the generator will be aug- 
mented, and that of those in the remote section will 
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grow less intense. This effect depends entirely upon 
the value of the tangent of the angle OCB, which is 

equal to ;=r7=r -y and therefore increases as the capa- 

' T(K-fr) 

city of the condenser increases, and as the period 
diminishes. 

A further question is that of the change of power 
employed. By what was demonstrated in the first 
article, the power of the source of any harmonic source 
of B.M.P. is equal to half the product of the B.M.F. and 
the current passing through it, multiplied by the cosine 
of their difference of phase. 

In the case before us, the B.M.F. of the generator is 

OF 

00 ; the current through it is — . 

r 

OC OE 
Therefore the power is — ^ — . cos COB. 

2r 

If EH is drawn perpendicular to 00, 

OH = OEcos.COB. 

Therefore the power employed is — ^ , 

But had there been no condenser, or if the capacity 
of the condenser vanishes, OH would have been co- 
incident with OD, and the power would ha7^ been 
OC.OD 

2r • 

Therefore the effect of the condenser has been to 
demand a change of power in the ratio of OD : OH. 

Since OH must always be greater than OD, the 
change is always in the direction of augmentation, and 
we are therefore justified in thinking that such an 
arrangement might be beneficially employed in regulat- 
ing the intensity of lamps ; for though in the remote 
section the light suffers by the introduction of the con- 
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denser, there is upon tte whole an augmentation of 
power at work. 

The actual power in the two sections of the circuit 

will be -^r— in the generator's section, and -^r= in the 

remote section. 

These, of course, when added together, are equal to 

OC OH 
the power of the source, t.e., to — ^ y which any one 

can verify from the geometry of the figure. 

It may be interesting to note, however, that we can 
exhibit the powers in the two circuits as the products 
of certain lines in the figure divided by the same 
denominator, so that they can be compared by the mere 
multiplication of measurements taken with a pair of 
dividers. 

The power in the remote circuit is— rj-; but EC : EF 

:: R : r, therefore -=r = — , and the power becomes 
R r 

—^ ? while that in the e^enerator's circuit is-^^— , and 

2r 2r 

, , , , 1 . OC . OH 

the total power is — . 

2r 

Therefore they can be compared with each other by 
measuring gCEF, OB^ OC.OH. 

Also, since CH : OB :: PB : DO. Therefore, CB . FE = 
CH.DO. 

Therefore, the three powers are again as 
CH.DO :0B3: OC.OH; 
and we have only to divide by 2r to obtain the absolute 
powers. 



il^RlJll-^W?— ■■^Wf^'-U. JU^ UJU-..-^^,^ 



CHAPTER V. 

SEVERAL CONDENSERS. 

We may easily extend the reasoning of the case when 
the circuit is bridged by one condenser to that in which 
at several points condensers are situated, as indicated 
by Fig. 12. 

In this figure G is a generator, and the circuit is 
bridged at various points Ci C2, etc., by condensers of 
capacity Ci Cg, etc. R^ is the resistance of the remotest 
section, R2 that of the section between condensers Cj 
and C2, R3 that of the section between condensers C2 
and C3, and so on up to C„, where the last condenser is 
situated. R is the resistance of that section which con- 
tains the generator. Suppose, also, that there is no 
self-induction in any of the sections. 



'L/J R ^R* H^*'* =T=R3 =pR* =j=sR. ') 



Fig. 12. 



So far as the two remotest sections are concerned, 
the distribution of flow will follow that of the case 
already given, when the potential difference of the 
plates of the condenser C2 takes the place of the im- 
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pressed B.M.P. Suppose, therefore, E^ C (Fig. 13) to 
be the potential difference of the plates of condenser 
Ci, which for brevity we will call the E.M.F. of con- 
denser Ci. 

Set off the angle E^ CDj in the direction of advance- 

ment so that its tangent is eqaal to ^ — ^^ . Draw 

1 (Ki + IC2) 
EjDi perpendicular to E'C, cutting CDj in D^, and pro- 
duce CDi to E2, so that CDiiDiEgriRirRg. Join EjEg. 
Then EgC is the impressed E.M.F., so far as the two 
remotest sections are concerned. Therefore, E2O is 

F F 
the E.M.F. of condenser C2, and -^-^ is the current 

K2 

in R2. 

Now, set off the angle E2CD2 in the direction of ad- 

C "ttR R 
vancement such that its tangent is equal to =^^^ — ?^-^, 

1 (K2 + K3) 

and draw EgDg perpendicular to CEg. Produce CDg to 




Fig. 13. 



L, SO that CD2:D2L::R2:Rs, and draw LF parallel to 
D2E2 to cut CB2 produced in F. 

Produce EjEg to H, so that BiEgiEgH :: R2:R3. Join 
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*PH, and draw HE3 parallel to and equal to FL. Join > 
CB3, B3 Eg, Then, B3C is the E.M.F. of condenser C3, 

and -^-^ is the current in Eg. 
E3 

These points are proved by the following considera- 
tions : — 

T T^ 

Firstly, -.^ is the effective charging current for the 

condenser Cg, because =^, = tan FCL = =f-f^ — ?^ by 



construction, and 



FC rig "'" Eg 
EgC Rg 



Therefore, J^ = 5i^», or ^^^ 1-=E,C. 
Therefore, by the formula given at the bottom of 

T Tjl 

page 29, ~-j- is the effective current charging the con- 
K3 

denser Cg, and LF being at right angles to CEg, is in 
its right phase. 

E H 

But E3H is equal and parallel to LF ; therefore, |^- 

K3 

is the effective charging current for the condenser Cg. 

Secondly, one actual current affecting the condenser 

E E 
Cg is ~—^, which flows away from the condenser through 
Jig 

the section Rg. 

F F 
Considered as an accumulating current it is-:^-^; 

Kg • 

but BgH : EiEg : : R3 : Rg. Therefore, -^1 = ^fi. 

K3 Kg 

E H 
Thus -r^ is one of the currents composing the effec- 

Kg 

tive charging current-^. Therefore, -^-^ is the 

Kg Kg 
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other component. That is to say, that EjEg is the eflfec- 
tive B.M.F. in the circuit R3. 

This again being the resultant of the combined simul- 
taneous action upon the resistance R3 of the E.M. forces 
of the two condensers C2 and C3, and E2C being that 
of the condenser C2, it follows that E3O is the E.M.F. 
of the condenser C3. 

It is clear that by extending the construction in ihe 
same way until we have taken all the sections into con- 
sideration, we shall ultimately arrive at one line, C E, 
which will represent the E.M. P. of the machine neces- 
sary to generate the currents indicated. 

It would be very hard to construct a figure from the 
final line C E ; but this process is unnecessary, because 
the actual value of the impressed E.M.F. woulfl only 
affect the scale upon which the various lines should be 
measured, but not the angles or relative sizes of the 
lines in the diagram. A proper scale being therefore 
furnished from the final line to represent the value of 
the E.M.F. of the generator, it may be applied at once 
to the diagram to indicate — (1) the effective E.M.F. in 
each section as given by such lines as E3E2, E^E^, 
which, being divided by the resistance in the particular 
section, will give the current — (2) the difference of 
potential of the plates of the various condensers as 
given by CE2, CEj, etc. 

From the diagram it is clear that the general effect 
of condensers placed locally as bridges in a circuit is 
twofold. In the first place, when the sections of the 
circuit are considered in order, there is a continual 
delay in phase as we recede from the generator. In 
the second place, the current in the nearer sections is 
increased, and in the remoter sections diminished by the 
introduction of the condensers. 
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If in such a circuit) there were a number of incandes- 
cent lamps in series, the effect of joining up with the 
condensers would be, that the lamps nearer the gene- 
rator would shine more brightly, and those most remote 
would become duller, while there might be some in the 
intermediate sections which would indicate no change. 

These observations serve to indicate the nature and 
reason of the decay in an alternating current in a long 
cable possessing capacity, which will be dealt with more 
minutely later on. They also explain the error in esti- 
mating an electric current by dividing the electromo- 
tive force by the resistance, when that electromotive 
force is a rapidly variable one, and there happens to be 
any great capacity for electricity involved in the system. 
It has been already indicated that a voltameter pos- 
sesses capacity, and there is strong reason to believe 
that the tissues of the human body possess consider- 
able capacity, probably in the same way as a voltameter 
possesses it. 

If two Geissler tubes are, placed in series in the 
secondary circuit of a Ruhmkorff apparatus, and the 
pole of a condenser is connected with their point of 
junction, then either tube may have the intensity of its 
light increased by the junction of the other pole of the 
condenser with that electrode of the secondary coil to 
which the other tube is attached. That other tube 
suffers a diminution or extinction of its light at the 
same time. It is in what has been called the remote 
section. A precisely similar effect is the result of 
using the two hands as the poles of the condenser. Of 
course this experiment lies open to the suggestion that 
it is the conductivity of the body which, when inserted 
in the system in the above manner, would relieve the 
remote section, and throw more current through the 
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near one, that produces the effect observed. But there 
are other facts pointing to the conclusion, which can 
moreover be directly tested by suitable instruments, 
that the tissues of the body act as condensers of con- 
siderable capacity. 



CHAPTER VI. 

COMBINATION OP CONDBNSBES WITH SELF-INDUCTION. 

The cases already considered of a circuit bridged 
over at one or more pairs of points by condensers have 
not included the more complicated systems in which 
self-induction exists in any of the sections of the con- 
ductor. In practice a coefficient of self-induction would 
always exist in the section including the generator, and 
might be introduced into any of the other sections with 
the instruments inserted into them. It is therefore 
desirable to know what effect it would have upon the 
currents of the system. The general case may be 
represented by the following :— r- 



'(^ 



Cm 



Ls 



Li 



R3 



R2 



Ri 



C3 -v C2 
Fig. 14. 



Ci 



Here Cj, Cg, Cg, . . . C„, represent the capacities 
of the condensers, beginning from the remote end of 
the circuit. 

Ri, R2, Rg, . . ^ R», R, the resistances of the 
sections, 

48 
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Li, L2, L3, . . . L^, L, the coefficients of self- 
induction of the sections, in the same order. 

G represents the generator of the harmonically vary- 
ing B.M.F. 

Let T be half the period as usual. 

To construct the proper diagram of electromotive 
forces, proceed as shown in Fig. 15. 

Take any line BO to represent the effective E.M.P. 
in the section Rj. 

Set off the angle CEQ in the direction of advance- 
ment, such that tan CEQ= '^ , and draw GQ per- 

pendicular to EC. 

Produce QE to M, so that, QE : EM :: Rj : R,. 



Fio. 16. 



At Q set off the angle MQN in the direction of 

advancement, such that tan MQN = -^-=1=1, and draw 

TRj + Rg 

MN at right angles to QM. 



CONDENSERS WITH SELF-INDUCTION 45 

Draw MF at right angles to CB produced, and cut- 
ting it in P, thus making the two triangles, CEQ, FEM, 
similar. 

From F draw FO parallel and equal to MN, and in 
the same direction as that line. 

Join OB, and at B set off the angle OBP in the direc- 
tion of advancement, such that tan OBP = =^ ; draw 

OP perpendicular to BO, and join PQ. 

Then PQ is the B.M.F. of the condenser Cg, or if 
there be but one condenser, it will be the B.M.F. of the 
generator. 

BQ is the B.M.F. of the condenser Ci, 
OB is the effective B.M.F, in the section Eg, 
and BC, by hypothesis, that in the section Rj. 

These points are proved as follows : — 

Since BO is the effective B.M.F. in R^, which 
possesses a coefficient of self-induction L^, the impressed 
B.M.F. of this section must be such an B.M.F. as has 
its phase and magnitude determined as BQ has been 
obtained from BC, i.e., it must be the hypothenuse of a 
right-angled triangle having the effective B.M.F. for a 
base, and the angle between the base and hypothenuse 

such that its tangent is equal to j^ , and this angle 

must be in the direction of advancement from the base. 
Hence BQ is the B.M.F. of the condenser Ci. 
Since QB : BM :: Rj : Rg, and the angle MQNhas for 

its tangent, ^i^li^, 
^ TR1 + R2 

and NM = QM.tanMQN, 

therefore NM = QM . g i^^i.^a . 
TR^ + Rg 
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Hence ^^ = C^tt . -J:— . QM . = %: . QE, 

and NM is at right angles to QE ; 

NM 
therefore ^^- is the charging current of the condenser 

Ci, or NM is the E.M.P. which, acting through the 
resistance E^, would produce the charging current for 

OF 
that condenser ; and NM = OF. Hence -.5- is the 

EC 
charging current. But -r^- is the current in Rj dis- 

FO FF 
charging the condenser in that section, and -^q- =-w-* 

EF 
Hence - - is that current considered as one of the 
Kg 

OF 
two components of the charging current -^. 

OE 
Therefore -:^- is the other component, i.e., OE is the 
Kg 

effective E.M.P. in the section R,. 

But this section has a coefficient of self-induction L^, 

andtanOEP = ^. 
J. Kg 

Therefore PE is the impressed E.M.P. necessary to 
produce the effective E.M.P. OE in this section. 

But the impressed E.M.P. in Rg is the resultant of the 
two E.M.P.s of the condensers Cg and C^ and EQ is 
the E.M.P. of the condenser Oj. 

Therefore, finally, PQ is the E.M.P. of the condenser 
Cg, or, if there be but one condenser, Cj, PQ is the 
E.M.P. of the generator. 

The extension of the diagram to give the E.M.P.s 
involved in the next section, Rj, will be easily under- 
stood if the steps are merely indicated, as follows : — 



CONDENSEES WITH SELF-INDUCTION. 47 

QM':QP::R3 + R2:E2, 

OF:EO irRgiRjj, 

F'O' is equal and parallel to M'N', 

O'K is equal and parallel to OP, 

tanKPF = ^, PKF = ^. 

Then P'Q is the E.M.F. of the condenser C3, or, if 

there be but two condensers, of the generator, and KP 

KP 
is the effective E.M.F. in R3, i.e., -—- is the current in 

K3 

the section R3. 

Again, from the two lines P'Q, KP, with a further 
knowledge merely of the resistance and coefficient of 
self-induction of the next section R4, we can deduce the 
current in that section and the E.M.F. of the generator 
or condenser C4, as the case may be. Thus a complete 
diagram may be made showing the phases and magni- 
tudes of every E.M.F. involved. 

On contemplating Fig. 15 there is one important 
point to be noticed, viz., that self-induction in the 
sections by no means necessarily diminishes the currents 
in them, but up to a certain point may be actually 
beneficial. This cannot be the case when there is no 
capacity in circuit. Under such circumstances the self- 
induction must invariably diminish the current produced 
by a fixed electromotive force, but when condensers 
exist, it may happen that a smaller E.M.F. in the gene- 
rator will produce a given heating effect in the sections 
of the circuit by virtue of the self-induction in the 
sections, than would have been required had there been 
no self-induction. 
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In the diagram, QO would have been the position of 
the line representing the E.M.F. of the condenser C^ 
had there been no self-induction in the section Rg. As 
there is a coefficient of self-induction Lg attaching to 
this section, the line of E.M.F. of the condenser Og 
takes the position QP. Now OP is merely drawn at 

right angles to OE, and such that OP = OE ^^. It is 

iKg 

clear, therefore, that when the angle QEO is less than 
180% a certain amount of self-induction will make QP 
smaller. This will be the case until QPO is a right 
angle, after which an increase in the coefficient of self- 
induction will necessitate a larger impressed E.M.F. to 
produce the given effect. 

Similarly if QPKis less than 180**, QF may be dimin- 
ished by increasing Lg up to the point when QP'K is a 
right angle. 

When QP' is at a minimum, and therefore at right 
angles to KP', it is parallel to PK. In other words, the 
phase of the impressed E.M.F. coincides with that of 
the current in the generating section. And similarly, 
for every section the E.M.F. of the condenser C„ would 
be a minimum when its phase corresponds to that of the 
current in R^, a condition settled by the proper finite 
value being given to L^. 

An important case is that in which a generator 
operates in a circuit which is only closed by a condenser. 
If the condenser is a leaky one, the resistance through 
the leak is that represented by Ri, the remainder of the 
circuit is represented by Rg, for which there is a co- 
efficient of self-induction Lg. Here L^ is zero, and 
therefore in Fig. 15 the angle QEO will be zero, or Q 
will coincide with 0, F with M, and with N, and the 
diagram is reduced to Fig. 16. 
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When there is no self-induction, the impressed E.M.F. 
for given effective E.M.F.s in the two circuits is CO ; 




Fio. 16. 

but as Lg increases from zero the impressed E.M.F. 
necessarily becomes smaller, as CP, where tan PEO = 

j^^. This goes on until P arrives at P', when the angle 

CP'O is a right angle, at which point the impressed 
E.M.F. is a minimum. The condition that this shall 
be the case is easily deduced from the geometry of the 
figure, and is expressed by the equation 






(") 



which shows it to be independent of Bg^ or the resistance 
in the section including the generator. From the above 
the proper value for Lg may be deduced. It may, how- 
ever, be observed, that as long as Lg approaches the 
value indicated by this equation, all practical advantage 
will be gained, because, CPO being a right angle, a 
variation in the value of the angle OEP' will only affect 
the length of CP' infinitesimally. 

The proportion in which the presence of the bene- 

AL Ca. 1^ 
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ficial coefficient of self-indaction reuders it possible to 
reduce the impressed E.M.P. is the relation which CP' 
bears to CO. This relation is expressed by the fraction 

Ri sin^ a + R2 

y (Ri + R2)2lln^ar+R2^ cos^ a 

where a is the angle OCE, i.e,, is the angle whose tan- 
gent is equal to 9^^^. 
1 RjL + Rg 

The case is still simpler where the condenser is not a 
leaky one. In this case Rj is infinite, and in Fig. 16 
the point E coincides with F, and the line OE is coinci- 
dent with the line OF, so that OP, which has to be at 
right angles to OE, becomes parallel to OF, the circum- 
stances being simply represented by Fig. 17- 




From this figure it is evident that when the self- 
induction coefficient is of the proper magnitude to allow 
the impressed E.M.F. to be a minimum, as represented 
by CF, then this E.M.P. will also be the value of the 
effective E.M.F. in the circuit, represented by OE. 
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The tangent of OCE is — '^^^^yy-^, which is the value of 

C TT R R 

~ — ^ -1 , when Ri is made infinite, and the tangent of 
i . Rj^ + R2 

PEOi,^. 

But when P moves to P' these angles become comple- 
mentary to each other ; that is, the tangent of one of 
them is equal to the inverse of the tangent of the other. 

Hence this condition is expressed by the equation 

whence T =- Tr v/ClZ (/3) 

R2 disappearing from the equation. 

This condition can also be deduced at once from the 
equation (a) by putting R^ = infinity. 

The result may be summed up in the following 
wards :— ^When an alternating generator operates upon 
a circuit which is dosed by a condenser without leakage, 
and which possesses a coefficient of self-induction, then 
there is a certain period of alternation which may bo 
given to the generator, at which the condenser might 
be replaced by a junction introducing no additional 
resistance into the circuit, the coefficient of self-induc- 
tion being also removed, without disturbing the current. 
The condenser, in fact, in conjunction with the coeffi- 
cient of self-induction, will obliterate the effects of the 
breach of continuity in the conductivity caused by the 
infinite resistance of the condenser itself. Moreover, 
this state of things is quite independent of the resist- 
ance of the circuit itself, which will then simply regu- 
late the current in the same manner as with continuous 
uniform electromotive force. 
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It IS to be observed that the advantage gained by 
establishing the critical relationship between the capa- 
city, the coeflScient of self -induction, the period, and the 
resistance in the remote section, when that is finite, is 
simply one of diminished potential. It is not one giving 
greater direct economy, because the power at work will 
be the same whether that relationship is established or 

OE 
not, since (Pig. 16) the power is equal to j^^j- x PC mul- 

tiplied by the cosine of the angle between EO and PC, 

OE P'C 
i.r,, the power is equal to — ^ — ^ even if P does 

not coincide with P. A similar remark may be made 
in other cases. 



CHAPTER Vir, 

CONDENSER TRANSFORMER. 

It has been pointed out that the current in a circuit is 
modified, by attaching two points to the plates of a 
condenser, in such a way that there will actually be 
different currents in the two sections of the circuit. 
When there is no self-induction in the remote section of 
the circuit, the current in that section will always be less 
than that in the section containing the generator. But if 
there exists self-induction in the remote section, it may 
happen that the current in that section will be greater 
than the current in the section containing the generator. 
This effect will depend upon the capacity of the conden- 
ser, the coefficient of self-induction in the remote section, 
the resistance of the remote section, and the period. 
When these matters are related to each other in a 
proper way, we shall get a larger current through the 
remote section than through the generator, and the 
arrangement forma a veritable Transformer, which may 
be called a Condenser Transformer. 

To examine the case, let us express one of the currents 
in terms of the other by the help of Fig. 15, dealing 
only with one condenser. Remembering that EC, OE, 
are the eflfective electro-motive forces in the two sections, 
the remote and the near respectively, and that R^, R2 
are the resistances in those two sections, we must try to 
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OE EC 

obtain the relation between ^^- and-—-, which currents 

may be called I2 and I^ respectively. 

For brevity call the angle CEQ, fi, and the angle 
MQN, 7. 

Sothattany3 = -5'/^- 

and tan 7^,^^^^^% 
^ T(Ki + K2) 



^"" \ ..>H' 



Fig. 15. 



In the first place OF = MN = QM tan 7 

= -it^2 QE. tan7 
Kj 

= B-i + R« EC . 

-At — ^- 7> tan 7 

Kj cos /3 



Secondly, FE = 



EC. Kg 



Also OE^ = OF^ + FE2 - 20F.FE sin /3. 

In this last equation substitute for OF and FE as 
found immediately above, thus : — 
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V Ri / cos^iS^VRi/ Ri^ 

EC^ tan )8. tan 7* 

OE 
Divide through by R^^ and substitute I2 for -rj- and 

y . EC 

V = L« j 1+ C?l±^Y*-^-2^5l±^nani8tan7l 

Clearing this expression of )9 and 7, we have for the 
relation between the squares of the currents, 

This is the equation from which to draw conclusions 
as to the relative magnitude of the two currents. The 
following are among the most important. 

(1) If there is no condenser the two currents are 

equal. Mathematically if C = o then y^ = 1. 

(2) If there is no self-induction in the remote section 
a condenser will always cause the current in the genera- 
ting section to be larger than in the remote section. If 

(These two conclusions have been already established 
above.) 

Writing the above equation somewhat differently, 

(g)'=:.?^jCR,(:.(^-)')-^M 

we see further : — 

(3) The relative value of the two terms 



^^^'O^ItSO^^^^^^ 
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settles whether Ij is greater than Ij. If the former is 
greater than the latter, then Ij is greater than I^, the 
current in the generating section greater than in the 
remote section^ and vice versa. 

(4) The currents are equal when there is an equality 
between these two terms, i.e., when 
C- 2L, 



"■'('Higr) 



(5) If we suppose that Li,T,R, are invariable, and 
consider C as varying from zero upwards, I^ is at first 
less than I^, though when C is zero I2 = Ii- 

When C reaches the value ^ 



^•i'HW) 



there is again equality between I^ and I^. Hence there 
must be some intermediate value of C which will make 

J? a minimum. The particular minimum value of =^ 
Ii Ii 

occurs when C = — -. ^ . which is half the value 

M'^(^)') 

which would bring Ig and I^ into equality. 

(6) In the case of =? being a minimum, which may 
Ii 
be described as the case of maximum transformation 

upwards, i.e., from small to large current, the ratio ( ~j 
will have the value 

Thus the greater the coefficient of self-induction and 
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the less the resistance and the period, the greater will 
be our power to transform upwards by this means. 

To give some idea of the magnitudes which might bq 
involved, suppose a case where the period is the Tooth 
part of a second, the coefficient of self-induction '04, and 
the resistance of the circuit beyond the condenser 14*5 
ohms. Then a condenser of slightly under 48 micro- 
farads capacity would cause the current in the remote 
section to be double that in the generator's section. 
Shortly after the publication of the first edition of this 
work, the Author successfully attempted upward trans- 
formation on the plan here indicated. The fact was 
communicated to a meeting of the Dynamic Society at 
the time. 



CHAPTER VIII. 

DISTRIBUTED CONDENSER. 

The problem of the evenly distributed condenser differs 
somewhat from the foregoing cases of condensers situ- 
ated at points of a circuit, in that the current in the 
conductor at different points is neither the same at two 
consecutive points, nor in the same phase. Each ele- 
ment of the conductor has its potential continually 
changing by the excess or defect of the flux of elec- 
tricity from and to the point considered. Thus the 
phase of the potential, the phase of the current, the 
maximum values of both potential and current, will vary 
according to the point of the conductor considered. 
Mathematical analysis will serve, therefore, rather 
better than geometrical demonstration. 

The differential equations which express the con- 
dition of flow at a point are easily obtained. 
Let E be the potential at a point P, 

E + 8 E be the potential at a point Q, at distance Sx 
from P, 

p be the resistance of unit length of the con- 

ductor, 

C be the capacity of unit length of the con- 

ductor, 

I be the current at P, 

I + 81 be the current at Q, 

Bt be an element of time, and Bx oi length. 

58 



piSTlilBUTED CONDENSER. 59 

Then pix is the resistance between P and Q ; therefore 
— ^ = — 1> the current being positive in the direction of 

the increase of x. Therefore, ^— = -pi. • « (a) 

ax '^ 

The difference between the current at Q and P has 
during the time ht diminished the potential of the 
element PQ. Since S E is the decrease of potential and 
CSa: is the capacity of the element, the quantity of 
electricity which has left the element PQ is - C S a? . S E, 
and must be equal to the balance of the electricity 
leaving and the electricity entering the element during 
the small interval S t, 

:. SI.S/=-C8.c.SE. 
Therefore, ultimately 

§-^f . . . . w 

By differentiating (a) 

dx' ^ dx 
and combining this with {fi) 

d»E_ _ 

dx^ ^^di 



d^E p, dE , , 

=pC-^ • • • • (7) 



Then these equations must be true in the complete 
solution of any particular case. 

In the case of an infinitely long conductor, if subject 
to an impressed alternating E.M.F. € whose period is 
2 T, the time being measured from its zero phase when 
its value is increasing (or from the epoch of its ascend- 
ing node), the solution is 



eO ALTERNATING CURRENTS. 

Here x is the distance from the point at which the 
alternating potential has its maximum value e. 

The proof of these formulae rests upon their satisfying 
the equations (a), (/8), (7), and the condition that when 
« = 0, the maximum value of the potential is e. 

Among points worthy of notice in these formulae, are 

(1) that at any point whatsoever the phase of the current 

precedes the phase of the potential by the same interval 

of time, viz., i of the whole period of revolution, ex- 

T 
pressed by — . 
4 

(2) Since the phase of either potential value or 
current is continually postponed in proportion to «, we 
have a series of points equidistantly situated along the 
line which are in the same phase of their alternation. 

This distance is equal to 

which may be called the wave length of the undulation. 
The series of points bisecting this first series are in 
an opposite phase. 

(3) Although the total resistance of an infinitely 
long conductor is infinite, still there may be a con- 
siderable flow of electricity at any point, if there be 
capacity distributed along the conductor. 

The effect of the current on the dynamometer at any 
point, X, will be such that if I^ is the direct current 
giving the same reading on the same instrument 
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1 , a/p^ a; 

The reading of the dynamometer will be— 

or, when aj = 0, c^^r^i^, which is equal to 



(ctt) 



By the reading of the dynamometer is meant the 
angle of the index on a uniform graduation in which 
the unit angle is that indicated when a direct uniform 
unit current is passing through the instrument, the 
coils being in series. Under these circumstances, when 
an harmonic current is passing through the instru- 
ment, of maximum value I, then the reading will be 
!» 

A uniform current, I, would of course produce a read- 
ing P. 

In/ what follows, therefore, the dynamometer reading 
may be taken to mean the value of half the square of 
the maximum value of an harmonic current. 

The equations (8) give the values of the potential and 
the current at any point of the conductor and at any 
time. They indicate that these quantities vary har- 
monically, and the factors which are outside the periodic 
function of the time give the maximum values of the 
quantities. 

If we were to divide the maximum value of the 
potential by the maximum value of the current, we 
should of course get something of the order of resist- 
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ance, which might in a certain sense be called the 
equivalent resistance. Performing this operation, the 
resistance will be found to be in every case /Tp 

Call this quantity B ; it will be wanted in comparison 
later on. 

Since, however, the phase of the E.M.P. lags behind 
that of the current by ^th of the period, it would be 
instructive to make the case parallel to one in which a 
generator of E.M.P. equal to that at any point con- 
sidered plays into a circuit of resistance r, closed by a 
perfectly non-leaking condenser of capacity K, and 
endeavour to find what values must be given to r and 
K, so that the current may be the one at the point con- 
sidered in phase and magnitude. Then r and K may 
be more properly called the equivalent resistance and 
the equivalent capacity of the infinitely long circuit. 

The necessary values are found thus : — 

Since the current precedes the E.M.P. by one-eighth 
of the period, the g(^ometrical diagram of the E.M.P.s 
concerned will be a right-angled triangle, having each of 

IT 

the smaller angles equal to -. 

Hence ^ = tan 5 = 1, ,. K= ^ . 

T 4 irr 

Again, the eflfective E.M.P. bears to the impressed 
E.M.P. the relation of 1 : -v/2, as gathered from the 
diagram ; and the eflfective E.M.P. divided by the resist- 
ance is equal to the current. 

Calling a the impressed E.M.P., i.e., the maximum 
value of E, 
P the effective E.M.P., 
7 the current, i.e., the maximum value of I, 
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for the sake of patting the above statements in alge 


braical form, we hare, 


a v/2' r ^- 


jr _)3 _ a _ 1 maximum value of E 


7 -/2.7 \/2 maximum value of I * 


and K-'^^^.v/C^, /2CT 
T v/Tp ^ wp 


• . . . . (e) 



Thus the equivalent resistance varies as the square 

root of the specific resistance, and inversely as the 

square root of the specific capacity. The equivalent 

capacity varies as the square root of the specific 

capacity and inversely as the square root of the 

specific resistance. Both quantities vary as the square 

T 
root of the period. Their product is equal to — , de- 

TT 

pending merely on the period. 

We have now to consider the cases where the con- 
ductor is not infinitely long, but has a length L 

The two important cases are — 

(1) When the distant end is put to earth, and is kept, 
therefore, at zero potential. 

(2) When the distant end is perfectly insulated, and, 
therefore, is subject to zero current at any instant of 
time. 

These cases are in reality very similar to each other., 

Suppose, as before, that the conductor is infinitely 

long, and that at a point 2 I distant from the zero point 

the source of another alternating E.M.F. is inserted, 

whose maximum value and period are € and 2 T respec- 
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tively, as in the primary case, but whose phase is exactly 
opposite to the B.M.F. at the zero point. It is clear, 
then, that the point I from the origin, since it is equi- 
distant from both sources, has its potential raised as 
much by one alternation as depressed by the other, and 
the potential will remain, therefore, at zero. The point 
may be put to earth. For the potential and current at 
any point between and I we have merely to add the 
effects of the two alternations. We have already ex- 
pressions for the primary source. Calling those due to 
the secondary source reflected potentials and currents, 
we have as follows :— 

^ The reflected potential at any point and time will be 
and the reflected current^ positiTe towards the origin of x 

Combining the original effect and the reflected effect, 
and writing for brevity 'y ^^ = a, we have for the 
potential at any time and place — 

e-^<^-^Km2a{l-x) 
where tan y = ^—r-. r ^ — , 
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which shows that the phase of the potential is advanced 
by the finite conductor being put to earth, compared 
with the phase at the corresponding point of an infinite 
conductor. 

The current at any point of time or place I is given 
by _ 

— 2a (i — a;) . o fi \ 
, , e ^ ^sm 2a [l — x] 
where tan z = ^ — j-, r ^ ^ — » 

l + ^-^«(^-«^)oos2a {l-x) 
which shows that the phase of the current is delayed 
by the finite conductor being put to earth, compared 
with the phase at the corresponding point of an infinite 
conductor. We cannot, however, say that the current 
and B.M.F. at any point differ in phase always by the 
same amount. The amount varies at different points. 

These formulae enable a comparison to be made of 
the squares of the currents, as indicated by a dynamo- 
meter, at different points of a line. The dynamometer 

adings will be as before ^' ^ -, that is to say. 



rei 



^^. e-2« '"ji +e-4'» (^-») +2 . e'^* (^-*) 



COS 

This, when a5 = 0, is equal to 

9T~ • I •'^ +^ + 2 . e cos ztil \ 

and, when oj = Z, it has for value 

oCtt — 2aL 

Al. Co. 
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The relation of tlie former to tlie lattei^ is therefore 
1-hc + 2e cos 2a# 

= i(e^'*' + 6"2''^ + 2co«2aZ} . . . (c) 
Which is equal to the series 

and, therefore, always more than unity, however small 
I may be. Hence the dynamometer reading is a mini- 
mum B,\, z = h 

This case corresponds to that of an alternating cur- 
rent machine in connection with a uniform cable pos- 
sessing capacity. The point x = l corresponds to a point 
of the cable half way between the terminals of the 
machine, at which point the potential is zero always, 
and € corresponds to half the E.M.P. of the machine. 

The comparative reading of the dynamometer at any 
point distant I from the central point in either direction 
will be 

~W If 

It is clear, therefore, that three readings of the 
dynamometer at points at measured distances apart 
from one another will suffice to determine the value of 

p-^r= ; therefore, if p, the rate of resist- 
ed. 

ance, and 2T, the periodic time, ar6 known, C, the 

capacity of a unit of length of the conductor, can be 

accurately determined. 
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If we employ the symbols of hyperbolic trigonometry 
the expression (e) may be written 

cosh 2al + COB 2al 
2 ' 

that is to say, the relation between the dynamometer 
readings at any point distant I from the central point 
or point of no potential, and at that central point is 
expressed by the mean of the hyperbolic and circular 
cosines, a result given before the Society of Telegraph- 
Engineers and Electricians by the Author. 

If there had been an ordinary conductor possessing 
no electrical capacity, but of such a resistance, B, that 
an alternating E.M.F. corresponding to the potential 
existing in the condenser cable at a point, viz. : — 

€.e-«'{l + 6-^«('-«')-2e-2«(^-'')cos2a(Z-a,)}* 

would produce the same effect on the dynamometer as 
is observed, then 

= ^e-2'^(l + e-4»(^-*)+2e-2«(^-*)co8 2nr:-x} 

We deduce 

Tp ( l + e-'^<^-''^-2e-^''^^-''Kos2ail-x) l 
-C7r|j^^-4a(<-.)^2^-2a(i-.) ^^^^ ^— J 

When SB = 0, 



B 



■^^•!r^ 



— 4ial o —2al 



2e cos 



2al\^ 

4af^2e-2«'co8 2ai) 
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If 2 al = 0, for brevity 






Cir 



1 0* ff> 



When ^ = the term in the bracket is equal to zero, 
when ^= 00 it is equal to unity. 

Hence B increases from zero to \/ ^y as I increases 

from zero to infinity. 

Thus it will be seen how little the virtual resistance, 
as far as the dynamometer at the generating station is 
concerned, is increased by increasing the length of the 
cable. In fact, the virtual resistance tends to a limit- 
ing value V p-. 



The case of the open circuit differs from the last in 
that the source which produces the reflected current 
and potential is in the same phase as the primary 
source, so that the currents at the middle point neu- 
tralize each other. As in such a case no current passes 
across the middle point, the variation of the potentials 
along the line is entirely due to the propagation of 
elasticity at the primary source ; the conductor may be 
cut at the middle point and the end treated as free 
and perfectly insulated, a point of no current, as in the 
former case it was a point of no variation in potential. 

The reflected potential will be 



ee 



^/^~{^i-^) 



2T 



and the reflected current, positive towards origin of x. 



^^^^WF^'^^^-'^IiU, - l^ J^i^W^W^PRW^^^^S^^^Si^^B^^^ 
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Combining the primary and secondary effects, and 

writing as before /y ^-^ = a, we have for potential at 
any time and place 

sm(^-ax-y), 

where tan ,= -^'f ^^ ?" '^^^""^-> 

which shows that the phase of the potential is postponed 
by the finite insulated conductor, compared with the 
phase at the corresponding point of an infinite con- 
ductor. 
The current at any place and point of time is given 

by 

2e-2«(^-«') cos 2a(i-a;)}*sin(^'-aa; + J + 2), 

where tan . = ±l!;f!;lii^Mz:^ 

which shows that the phase of the current is advanced 
by the finite im^ulated conductor, compared with the 
phase at the corresponding point of an infinite con- 
ductor. Bat in this case also the difference of the 
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phases of E.M,P. and current differs at different points 
of the circuit. 

The dynamometer reading for any point will be 

26"-2«(^-*)cos2a(Z-ar)| 

If we write l — x = dy and therefore a? = Z — d, we have 
for the dynamometer readings at distance d from the 
free end 

e* ~-.e ^ Ml + e —20 coazady 

o Ctt — 2aJ 2ad(^ , ^—^ad „ — 2ad „ j) 
= e^:;r7i^— 6 e <l+e —2e cos2ad!> 



2T/ 
oCir -2al 



{ 



2Tp 
Which may be written 



2a'd , —2ad 
e + e 



2 ad 

— 2 cos 2 ad [ 



Ctt -2 



Ti 



al( 



cosh 2 ad -cos 2 



ad> 



As in the former case, the virtual resistance B may- 
be found by dividing the maximum value of E by the 
maximum value of I ; whence, 

l^^-4a(Z-»)^2e-2«(^-«')cos2a(Z-^ 



«=^/a 



\^^^-Ml-'')_2e-^<l-^)cos2a(l-x)' 
In this expression put x = and (for brevity) 2al = 0, 



Then B becomes 



^ Ctt- 



'l^^^t^. 



/4 /§■ 



1/2 /6 /10_ 



k 
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If 0=0, I.e., when the length of the conductor I 
vanishes, the expression in the bracket is infinite. But 
if is infinite, i.e., when the length of the conductor 
is infinite, the expression in the bracket becomes equal 

to unity. Thus B diminishes from infinity to/y ^^ 

as I increases from zero to infinity. Thus, in every case, 

'V -^ is the virtual resistance of an infinitely long 

KjTT 

cable, whether put to the earth or not. 

The expressions for B may be made extremely simple 
by using the symbols of hyperbolic trigonometry. In 
the case of the conductor put to earth at distance I 
from the point of observation, we have 

;r ^ A/T/j( cosh2aZ'-cos2aZ | j^ . 

C7r|cosh. 2al + cos2al) 
and in the case of the conductor having a free end at 
distance I from the point of observation. 

B^^ a/T p/ cosh.2aZ + cos 2al \ | 
C^ ( cosh. 2 a Z — cos 2 aZ J 



CHAPTER IX. 

DISTRIBUTED CONDENSER {continued) — TELEPHONY. 

By the help of the formulas which have been given, 
especially of those connected with the case in which 
the cable is put to earth, we can deal with some im- 
portant questions in long distance telephony. The 
falling off in current corresponds to the failing in 
intensity of tone produced. The fact that this falling 
away in current depends upon the period, being greater 
as the period is smaller, will explain the alteration in 
character of a composite tone, those components which 
have a higher pitch suffering more decay than lower 
notes. 

Table A, in the Appendix, will facilitate the calcula- 
tion of such effects. As an example of the use of the 
table, suppose the following problem : — 

A cable possessing '2 microfarad of capacity per kilo- 
metre, and a resistance of 2\ ohms per kilometre, is 
40 kilometres long. What will be the relation of the 
current at the sending end to that at the receiving end 
for a tone whose period is -g^^ of a second ? 

Adopting quadrant units, we find that since the cable 
has '2 microfarad per kilometre, it has '002 farad in 
one quadrant ; therefore, C = '002. 

Since the cable possesses 2*5 ohms in one kilometre, 
it has 25,000 ohms in one quadrant; hence /o = 25,000. 
The period is ^^ of a second ; hence 2 T = ^. 
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Since the length of the cable is 40 kilometres, Z = -004 

for value ^25,000 x -002 x tt x 500 ; or a = 280-25, and 
2 a 1 = 2*24*, which is the number corresponding to 5 in 
the table. 

Looking, therefore, horizontally between the lines 
headed 2*2 and 2*3 and in the column headed 

, we shall be able to deduce the number 

2*06 by interpolation. This number is the relation of 
the square of the current at the sending place to the 
square of the current at the receiving place. The 
relation of the currents themselves will be the square 
root of this number, i.e., about i^^. 

Now, suppose we investigate what takes place with 
the note one octave lower than that already considered. 

In this case, 2T = ^^--, and a will be found to be 198*17, 
i250 

and 2 al will be 1*59, the number corresponding to in 

the table. 

The value of ^ , for this value of 0, will 

be found from the table to be 1*265, and the square 
root of this is 1*125, so that for this note the telephone 
current is reduced in the ratio of 112 : 100. For higher 
notes, the falling off of the currents would increase 
very rapidly. At the octave above the first note con- 
sidered, the current would be reduced more than in the 
ratio 800: 100. 

Now the notes considered come well within the range 
of human tones in speech. The fundamental tones of the 
voice are, moreover, richly accompanied by harmonics 
of a high order, by means of which, however uncon** 
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Bciously, we interpret under erdinary circumstances the 
sounds received upon tiie ear. AH such harmonics 
would suffer very materially in the course of the trans- 
mission. 

Thus^ at the end of a cable of any considerable 
length and capacity the various tones of the voice 
would be received in a state of degradation depending 
upon their pitch. If this were not the case, if all the 
tones were reduced in strength in the same proportion, 
a .relay might be employed to restore the various cur- 
rents to their original intensity, or to one in which 
the ear would readily appreciate the meaning of the 
tone. But the ear has not the synthetic power of re- 
constructing a composite tone from the wreck of 
variously degraded components. In this consideration 
reside the limits of telephony. And until it is more 
clearly understood than it seems to be at present, people 
will fail to understand the exquisite nonsense to which 
they are often now content to listen about the possi- 
bilities of being able to catch the minutest modulations 
of voice of a trans-oceanic prima donna, and so on. It 
would be more to the purpose to endeavour to keep 
2 al small. Lord Rayleigh at Montreal looked to alter- 
nating currents "to educate so-called practical elec- 
tricians whose ideas do not easily rise above ohms and 
volts.^^ It is, to be hoped that this anticipation will be 
realized, for unfortunately the imputation conveyed is 
too well deserved. In a book specially published by 
the Institution of Civil Engineers in 1884, upon the 
practical Applications of Electricity, there is a paper 
by Sir Frederick Bramwell on Telephones, in which the 
following sentence occurs : — - 

" Ton all know that if an iron plate ... be caused 
to approach towards or recede from a permanent mag- 
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net, that magnet being surrounded by a coil of insulated 
wire, there will be set up in the coil of wire electric 
currents, which will vary in direction according as to 
whether the plate is approaching the magnet or is 
receding from it." 

In this sentence it is clearly assumed that the in- 
duction, whose phase accompanies the phase of the 
plate's motion, is also accompanied in phase by the 
current. The mistake is made, that induction is of the 
nature of current, instead of electromotive force. The 
induction produced by the plate's motion is the im- 
pressed electromotive force, but there may arise elec- 
tromotive forces of self-induction, and those due to 
capacity in the conductor, which would cause the 
current to have a phase differing from that of the 
plate's motion, and to suffer at the same time a diminu- 
tion in strength, both effects depending upon the pitch 
of the note producing the vibrations of the plate. 

These are the effects which will ultimately give a 
limit to telephony. But farther on in the same paper 
we read, " As many persons have asked, What is the 
limit of possibility ? I would say, that I should think it 
depends practically on the excellence of the insulation 
and the avoidance of induced currents." 

Now, if by induced currents is meant currents pro- 
duced by accidental induction from outside, it seems 
likely that such currents would not so materially affect 
the interpretation of the sound as would the degrada- 
tion of the currents which it is desired should be trans- 
mitted. For the ear, which is ultimately the organ 
to interpret, is every day practising the art of dis- 
criminating between two or more contemporaneous and 
superimposed sounds. The ear is, in fact, an excellent 
analyser, but for the process of recomposition necessary 
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before a degraded composite tone can be truly inter- 
preted something more than power of analysis is neces- 
sary, and this the ordinary ear does not possess. 

To return to investigation. The dynamometer read- 
ing at distance x from the generator in a cable put to 
earth at the distant end is 

+ 2 cos 2a {l — x) i 
■I cosh 2a {l-x) + cos 2a {l-x) I 

,.y^» < cosh 2ad + cos 2ad > ; where d is the 

distance from the remote end, and for a, cable whose 
end is insulated, it is 

€^7y^— <3 ~" < cosh 2ad — cos 2a(iL 

mi 1 . . . cosh 2ad + cos 2ad 
I he relation is 



o Ctt — 2al 



cosh 2ad — cos 2ad 

Now, a reference to the second and third columns of 
the table shows that the numerator of this fraction does 
not always exceed the denominator. At certain values 
of 2ad, those in fact for which cos 2ad is equal to zero, 
and which recur periodically, the numerator is equal 
to the denominator, and the excess changes sides. The 
first of such cases occurs between = 1'6 and ^=1*6, 

i.e., when ^=_=l-57. 

If, therefore, the length and structure of the cable 
and the period of alternation are such that 2aZ is greater 
than 1-57, there will actually be regions of the cable 
at which, as far as the intensity of the currents received 
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is concerned, it would be better if the circuit were an 
open one than that the distant end should be put to 
earth ; and as we increase the length of the cable this 
state of things alternates with the other at fixed dis- 
tances from the far end in the following way : — 

Deduce a distance \ such that 2a\= — ; 

Whence X=^=Ia/^J^, 

and set ofE from the far end distances corresponding to 
\, 3 \, 5 X, etc. 

Then in the region within \ of the far end the current 
will be greater when the end is put to earth. In the 
region, length 2 X, between 3 \ and X from the far end, 
the current will be greater when the end is insulated. 
In the next region of length 2 X, it is best to put the 
far end to earth. And so on alternately for every 
length of 2 X. At the points where these alternating 
regions join, there will be the same current under both 
circumstances. 

This distance 2 \ is one quarter of the wave length 
of the undulation in the infinite conductor {vide p. 60) . 

For the cable and note given in the example, the 
length X is 28 kilometres. 



CHAPTER X. 

THE TBANSMIS8I0N OJ POWIB. 

The problem of the transmission of power by means of 
harmonic currents admits of being readily treated by 
the geometrical method^ in the same fashion as local 
condensers and induction problems, and, moreover, 
some interesting particulars are rendered so plain by 
the use of geometry as almost to be self-evident. 

To give a preliminary notion of the possibility of 
such an action, imagine an ordinary galvanometer sub- 
jected to alternating currents. The impulses on the 
needle considered as fixed would be as often and as 
strongly in one direction as in the other. But suppose 
that after an impulse in one direction the second and 
contrary impulse is not given until the needle has passed 
over the dead point position, which will be at right angles 
to the coils. In this case the second impulse will only 
add to the speed of the needle's rotation. Postpone 
the third impulse similarly until the second dead point 
has been passed, and again there will be positive 
acceleration. This elementary form of the problem 
enables the possibility of the motion to be conceived. 
But it does more than this, it shows that the direction 
of motion of the receiving machine is indeterminate. 
The impulse must always tend to give the needle one 
direction of rotation ; but the direction simply depends 
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upon whicli side of the dead point the needle may 
happen to be. Electric transmission of powers admits, 
therefore, of the following classification : — - 

A magneto machine giving a direct current and 
employed as a driver gives a current varying with its 
direction. 

A similar magneto machine used as a follower takes 
a direction varying with that of the current. 

A dynamo electric machine giving a direct current 
and used as a driver gives a current whose direction is 
indeterminate. 

A dynamo electric machine used as a follower takes 
a direction determinate and independent of that of the 
current. 

An alternating machine, whether used as a driver or 
a follower, may run in either direction indifferently. 
The period of the follower coincides with that of the 
driver. 

To treat the question more generally and exactly, it 
must be remembered that in a simple circuit, possess- 
ing no capacity, and subject to sources of alternating 
electromotive force of the same period, we may combine 
all the electromotive forces into one having that period. 
Thus if AB, BO, CD, DE, EF, are a number of lines 
representing in magnitude and phase the various electro- 
motive forces, and AP be joined, then AP is the single 
electromotive force which will produce the effects ob- 
served. If there iBxist self-induction or mutual induction 
the diagram can be completed in the manner already 
indicated in earlier articles, using AP as the 3ingle 
impressed E.M.P. We shall thus obtain a line repre- 
senting the effective E.M.P., which will be in the same 
phase as the current. Dividing this by the resistance 
we can compute the current ; and if we multiply the 
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result by the projection upon this line of the line re- 
presenting any of the individual component electro- 
motive forces, and divide by 2, we shall obtain a measure 
of the power at work in the particular corresponding* 
source. Now the projection of any individual line will 
be positive if the angle between it and the line of 
effective E.M.F. be less than a right angle, and negative 
if this angle be greater than a right angle. 

In the former case the power is positive, and the 
source does work. 

In the second case the power is negative, and the 
source has work done upon it. 

Thus, in Fig. 18, let AB, BO, CD be the electromotive 
forces of three sources, laid down in their respective 
.phases. Then AD is the resultant E.M.F. 

The angle EDA has its tangent equal to =g, 

IK 

where L is the coeflScient of self-induction of the 
circuit, 

B is the resistance, 
and T is the half period of the undulation. 

AE is at right angles to DE. 

From C and B, CO', BB' are drawn perpendicular 

to ED. 

ED 
The power exerted by source of AB is therefore -— .EB' ; 

ED 
similarly the power exerted by source of CD is jr= . CD. 

But the power of the source of BC is seen in the 

diagram to be negative. Hence this source has work 

ED 
done upon it with a power equal to -^r=. C'B'. 

Such a source would constitute what is called a 
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motor ; i.e., it may be loaded in the mechanical sense 
of the word, and made to do work. 




Fig. 18. 



It will be seen that had the coeflScient of self-induction 
been small, and B nearly coincided with A, the pro- 
jection of BC upon ED would have been positive, and 
the source of BO would not have been a recipient source, 
but would have had to do part of the work of heating 
the circuit. 

Having settled these preliminary ideas, let us suppose 
a case where the sources are two in number, repre- 
sented in magnitude and phase by AB, BO (Pig. 19), 
of which BC is the smaller. 

Upon AB as diameter describe a circle, and join AC 
and produce it to cut the circle inD. 

From CA in the direction of retardation set off the 

angle CAP, having a tangent equal to — g, the line AP 

cutting the circle in P. 

L, T, and R, have the usual significations. 
Draw CB perpendicular to AP. 



AI. CiL 
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Join BD, BF, which lines will be at right angles to 
AD, AF, respectively. 




Fig. 19. 

Then, calling for brevity the source of AB the source 
A, and the source of BO the source C, we have — 

AE.AF 



The power exerted by Source A = 
The power-doing work on Source C = 



2R 

AE.FE 

2R 



Thus work will be done upon C so long as E lies 
within the semicircle AFB, upon which F always lies. 
But if the coeflScient of self-induction is suflSciently 
increased, the angle DAF will open out, and F will move 
along the circle towards A until FOB are in one straight 
line. This condition obtains when L is large enough 
to satisfy the equation, 

where 6 is the angle ABC, and AB = e, BO =/. 

If BO is so great that the point approaches the 
circumference, will for that reason alone cease to be 
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a recipient source, for the projection of BC upon the 
line of eflfective E.M.P. will either vanish, if the co- 
eflScient of self-induction is evanescent, or be positive 
if this latter has a finite value, in which case the source 
C does work. 

But suppose that matters are represented actually 
by Fig. 19, in which the source C is, suppose, loaded 

FB EA 

to the extent represented by — ^f^— . There will be a 

condition of equilibrium, but it is necessary to show 
that such a position will represent stable equilibrium ; 
that is to say, it is necessary for steady motion that, 
if the angle of phase difEerence CBA be slightly varied, 
there shall be a restitution of the exact position and 
not an augmentation of the displacement. 

'For the consideration of this point we may suppose 
the phase diflference to be the only variable element, 
the two electromotive forces and the coeflScient of 
self-induction remaining constant. 

With a variation of the angle ABC, C evidently de- 
scribes a circle round B as centre. Now AE always 
bears the same relation to AC, viz., the cosine of the 
angle BAC, which remains always the same, since the 
coefficient of self-induction does so. Therefore, what- 
ever curve C describes round A, B will describe an 
exactly similar one on a scale diminished as the cosine 
of the angle BAC. 

The curve which B describes will therefore be a circle 
whose radius is equal to CB cos BAC. 

The two circles described by C and B will not, how- 
ever, be similarly situated with regard to AB, but since 
BA makes a constant angle with CA, the circle described 
by B will be displaced in the direction of retardation 
by the amount of the angle BAC, at the same time 
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that it IS diminished, and drawn nearer to A in the 
proportion of the cosine of this angle. 

• We thus arrive at the following construction, which 
to avoid confusion of lines we employ in a new figure, 
viz.. Pig. 20. AB is the electromotive force e of the 
driving machine. BM is cut o£E from AB, so that BM 




Fig. 20. 



represents the electromotive force / of the follower in 
magnitude only. MCK is a circle described with BM 
as radius. BDK is a circle described on AB as di- 
ameter. BAD is the angle whose tangent is equal to 
Ltt 



TR 



, and is set off from BA in the direction of retarda- 



THE TRANSMISSION OF POWER 85 

Hon. MN is a perpendicular upon AD, so that DN = 
BM cos DAB ; SNBQ is a circle described with centre D 
«.nd radius DN, cutting the circle BDK in Q, and R and 
MB in S. Then, since AN : AM :: ND : MB :: cosine 

DAB : 1, and tan BAD = J*— , from the foregoing con- 

siderations the circle SNBQ is the circle described by 
the point B of Fig. 19. 

Now, let BO be some particular position of the 
E.M.P. of the follower, and E the corresponding point 
upon the circle whose centre is D. 

AB produced cuts the circle BDA in F. 

Then the following proportion holds good. 

The power exerted by A : power transmitted to C : 
power expended in circuit :: AF : FB : BA. 

Now, suppose a displacement of BC to take place 
which diminishes the angle ABC — i.e., C is displaced 
towards M, then evidently E is displaced also towards 
S; but F is displaced from Q, and therefore AF and 
FB both become larger. 

But AF is proportional to the power exerted by the 
driver; therefore a greater load is thrown upon the 
prime mover, and AB will be displaced in the direction 
of retardation; i.e., the angle CBA will tend to open 
out again for this reason. 

But, further, the power transmitted to C is pror 
portional to FB, and this is increased. The load on C 
being fixed, and the power being now more than is 
necessary, the source C will race. Hence, for this 
reason also, the angle ABO will open out, and regain 
its original size. 

Now, suppose that is displaced in the direction 
away from M, which would be the same thing as sup- 
posing a retardation of the driver. 
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In this case AF and FB would both become smaller. 
Therefore, the prime mover would race, and so AB 
would advance to close the angle ABC. The source G 
would have its power cut off, and the load remaining 
the same, BC would be retarded, and again the angle 
OBA diminished. 

Hence such a position would be one of stable 
equilibrium of the motion. 

As with a magnetic needle in a field of force, there 
are two positions of equilibrium — one stable, the other 
unstable ; but these points are not (as in the case of the 
magnetic needle) exactly opposite to one another. On 
the contrary, the two positions tend to approach each 
other as the electromotive forces tend to equality, and 
the angle between their positions is the angle through 
which the follower may be retarded without perma- 
nently upsetting the stability of the motion ; but if the 
displacement exceed this amount, the follower would 
tend to fall back more and more, and would ultimately 
come to rest. 

There are two positions for B in which no power is 
transmitted, viz., those which correspond to the points 
where the two circles SNBQ, BDQA, cut one another, 
Q and R. If B lies in the section QSR, power is trans- 
mitted to the source C ; but if B lie on the other 
portion of the circle it describes, power is exerted by 
the source C. 

For any direction, AB, there exist generally two 
points where a line drawn from A cuts the circle 
SNBQ. Let B and Bg be such a pair of points. 

Let O2 be the position of C corresponding to E^. 

Now, the power exerted by source A for this position. 

A TT A 1^ 
will be — ^^ — , and that exerted by source C will be 



THE TRANSMISSION OF POWER. 87 

— ^~ — -. The relation of the latter to the former is 

AF' 

Now, as B2 moves round from Q to R, on the line 
QBgR, the above relation starts from zero, passes by 
positive values through a maximum value, and ends 
again at zero. There will therefore be two positions 
when the relation of the powers has a fixed value, and 
one of these will be a position of stability, the other 
unstable for one or other of the sources. 

To express the various powers which have been dealt 
with in terms of the angle ABC, which is the angle by 
which the difference between the phases of the two 
electromotive forces falls short of two right angles, 
proceed as follows: Call this angle 0. Also call the 
angle BAC, </>, and the angle BAD, /9. 

It is first to be observed that the triangles DBA, BCA, 
if completed, are similar to each other, since each side 
of the former bears to some one side of the latter the 
ratio cos ^, or geometrically, 

AB = ACcos/3 
ED = CBcos/3 
DA = BAcosy3. 

From the triangle ACB, AC : BC :: sin ^ : sin </>, 

therefore ^^^cos^sing 

sm ^ 
Also from the tris^ngle ABC, 

esin<f> + 6^ /,. i../i 

= — .^ =cos r + cot <p sin 0, 
/ sin 

and from the right-angled triangle AFB 

AF = AB cos FAB = e cos + ^. 
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Hence, AF AE = ef cos /3 sin ^^^.^"^^ 

sm 9 

= ef cos^ )8 sin ^ cot <^ — e/cos y9 sin sin yff 
= e/cos^ y9 ( - — cos ^l — e/cos y9 sin /9 sin 9 

= e cos yS{e cos /8-/cos 6^ — )8}. 

Therefore, the power at work in source A being 

AF AE . , , 

— -^-= — IS equal to 

e^ cos^ /3- ef COB ^ cos ^-^ . x 

2R . . . . W. 

which is in the form desired. 
Again, from the triangle CEA, 

AE = AC cos CAE = AO cos ^, 

and from the triangle ACB 

AC« = BC^ + AB2 - 2BC . AB cos ABC, 
=/2 +e2 -2e/co8^. 
Hence, AE« = co82)8 {e»+/«-2e/cos 5}, 
or the power employed to heat the circuit, being -— — -, is 

equal to 

e^ cos^ 13 +p cos^ - 2ef cos co s^ ,px 

2R ^ . . . . (P). 

The difference between these two powers is the power 

transmitted, and therefore doing work upon source C. 

Hence the power transmitted is equal to 

ef cos /3 cos + y8— /^ cos^ fi . n 

2R .... [y). 

The efficiency of the transmission is found by dividing 
this expression (7) by the expression (a) for the power 
of source A. The efficiency therefore is equal to 
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f(e cos 0-\-fi—f COS 13 



(5). 



^le COS fi—f COB 6 — 13\ 

In Figure 21, let AB = e, and the angle BAD = 13. 
BDA is a circle upon AB as diameter, whose centre is K. 
Let D be the centre of the circle which is the locus of 
B of former figures, cutting BDA in Q and R as before, 
and AD and AD produced in N and P. Join DK and 
produce it both ways to cut this circle in E^ and E^, 
the point K being in DEj. Also draw E4DE3 parallel 
to BA, cutting the same circle in E4 and Eg, making the 
angle EgDA equal to j3. 

The expression for the power of A shows that it is 
greatest when ^ = 7r + )S, and least when 6 = fi, but it Is 
always positive so long as e cos fi is greater than /. 
When this is not the case it is possible for the source A 
to have work done upon it. 




Fig. 21. 



Then ADE3 is the angle giving the value of when 
the power exerted by the source A is least, and ADE4 
(greater than rr) is the value of 6 for the greatest power 
of A. 
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The expression for the transmitted power working 
on C given by equation (7) shows that that power is 
greatest when 0= —/3, i.e., ADEj is the value of for 
this condition^ and when ^ = tt — ^, i.e., ADEg, the power 
working on C is negative and a minimum^ i.e., C would 
have to do its greatest work. 

The circle which B describes is now divided in the 
important points QREiEgBsB4, and from the above con- 
siderations we can discuss the question of the stability 
very conveniently. We shall suppose E to move round 
in the positive direction. 

As regards the point E3, it may be observed, that if 
DN is sufficiently great, it will lie outside the circle 
ADB (as in Fig. 22). The condition that it does not do 

so is expressed by the inequality*^ must be less than 

^- which will be supposed to be the case. As E 

cos p 

moves from B^ to Q, there will be transmission of power 

to C, from its maximum value at B^ to zero at Q. 

Hence, as regards C, the motion will be stable, because 

a retardation of its motion is accompanied by a greater 

transmission of power to it, and vice versa. 

As B moves from Q to B^, will do work from zero 
at Q to its maximum value at B^. 

Hence the motion of C will be stable, because a re- 
tardation of its motion is accompanied by a smaller 
duty, and vice versa. 

As E moves from E^ to R, and finally to B^, there will 
be instability as regards C. 

Again, as regards the source A. As E moves from 
E3 to E4 through E2, the power exerted rises from its 
minimum at E3 to its maximum at E4. Hence in this 
half circle the motion of A will be unstable, because 
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any retardation on its part, implying an advance of B, 
will be accompanied by a greater duty, and vice versa ; 
so that the displacement will be augmented. 

As E moves from E^ to Eg through R, the power 
exerted by A diminishes from its maximum to its 
minimum value. Hence, in this half circle the motion 
of A will be stable, because any retardation on its part, 
implying an advance of E, will be accompanied by a 
smaller duty, and vice versa ; so that the displacement is 
decreased. 

Hence between E^ and Bj there is absolute stability 
for both sources, and between Eg and E^ absolute in- 
stability. 

In the remaining regions there would arise a necessity 
for, constraint in one or other of the sources. 

Between Eg and Eg, the source A would need con- 
straint; between E4 and E^ the source would need it. 

If both sources are constrained, a position of E be- 
tween Eg and E4 becomes a possibility. 

Under the conditions, therefore, represented by Fig. 
21 it would appear impossible to make both sources 




Fig. 22. 



do work at the same time without constraint ; but this 
impossibility arises from the fact that Eg is nearer to N 
than Q is. When, as in Fig. 22, Q is nearer to N than 
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B3 is, i.e., when -> ^^^ jT , the impossibility is removed, 
e cos p 

and of the power going to heat the circuit part is pro- 
vided by each source. 

Dr. Hopkinson has denied that two machines can 
work in series, each doing work; but his reasoning is, in 
this case, not satisfactory. His statement has, however, 
been very generally accepted as true by electrical prac- 
titioners. 

As an instance, suppose e = 200 volts, 

/=150 „ 
and R = 20 ohms, /3 = 40% = 30^ 

Then the power exerted by A will be found to be 20*68 
watts, and that exerted by C 133*28 watts, the total 
heating of the circuit being at the rate of 153*96 watts. 

And if the prime movers of each machine only yielded 
the 20*68 and 133*28 watts respectively, the two machines 
would settle down into stable motion with a phase dif- 
ference of 150"*, and yielding 153*96 watts in rate of 
heating. 

It is perfectly true that one of the machines alone 
would, if driven by a svfficiently great power, yield more 
power in circuit than the two together; but that is 
a question distinct from the one whether or not two 
machines may run with stable motion, in series, both 
doing work. 

As to the transmission of power, its possibility is seen 
to depend upon the value of the angle E^DEg, which 
is simply 2/3, If E is situated at the point N, the effi- 
ciency is not at its maximum value, but it has the value 

•^, which is the greatest efficiency in transmission with 
e 

uniform currents. It would thus appear that transmis- 
sion by alternating currents does not compare un- 
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favourably with that by uniform currents in this respect. 
To find the position of B which gives the maximum 
eflSciency of transmission, proceed as follows, Fig. 23. 

Call the circle described upon AB as diameter, the F 
circle, since F always lies upon it, and similarly call the 
circle upon which B always lies, the B circle. 

We have to find out the particular position of E 

FF 
upon its circle, which will make the ratio y= as large 

AE 

as possible, or, which is the same thing, that of -t-= as 

JxJb 

small as possible. 

Let e and / be the two electromotive forces. Take 
AB equal to e, and cut off from it BM equal to /. 
Describe the F circle upon AB, and set oflF BAD as 

before, an angle having its tangent equal to =-. 




Fig. 23. 
D is on the F circle. Draw MN perpendicular to AD, 
and with centre D at distance DN describe a circle. 
This is the B circle, for its centre is at D, and its radius 
= DN = BMcosDAB. 
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Through D draw the radius DH parallel to AB, H 

being on the same side of D that M is of A. Join AH 

by a straight line cutting the E circle in E and the F 

circle in F. Then these are the particular positions on 

"FF 
the circles which make the ratio — — a maximum ; t.e, 

- , as here found, is the maximum eflSciency. And if 

DE be joined, the angle ADE will give the phase- 
difference between the electromotive forces to give this 
eflSciency. 

For, in the first place, it is clear that the ratio -^-^ 
^ AF 

has some maximum (not a minimum) value between the 
positions where B and F coincide, viz. when the two 
circles intersect. And because DH is parallel to AB, 
and AH cuts them, therefore the angle DHE = the angle 
BAF. 

But DH, BA pass through the centres of the two 
circles respectively; therefore AH, making the same 
angle with BA as it does with DH, must cut the circum- 
ferences of the E and F circles at the same angle. Thus 
at E and F, the points where AH cuts the E and F 
circles respectively, the arcs of those circles are parallel. 
Therefore an elemental displacement of E and F from 
these positions would result in no alteration of the ratio 
in which E divides AF. 

But this is the characteristic of a maximum or mini- 
mum value of such a ratio. Hence the maximum 

FE 
efl&ciency is -^^ ; and it has before been proved that the 

triangle ADE is similar to one in which the sides 
homologous to AD, DE are the electromotive forces 
themselves. Thus, for maximum efl&ciency, the phases 
of /must follow the phases of e by an angle equal to 
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(180° + ADE), OP; whicli is the same thing, precede them 
by (180°-ADE) or (tt-ADE). This, reduced to time, 
is 

2ir \ TT / 

It is clear that -r^=- is the ratio of / to e. The maxi- 
Al) 

"PE 
mum eflSciency ^-=, exceeds this ; and it is seen to do 

so in virtue of the existence of a coefficient of self- 
induction, the absence of which would cause D to coin- 
cide with B. 



Addendum, — Analytical Expressions, 
The value of the maximum efficiency in symbols is 

'l/+cos^) 

l+icos/3 



e 



where tan)8 = ,=— . The fraction can be easily 

-*•'' -1 + cos 13 

e 

shown to be greater than unity. And the angle ADE 
may be calculated, if desired, as follows : — 

ADE=(2x-;8), 

where 

. sin^ 
tanx = ^ 

cos)8+«f 
e 

Ix is the angle DAH or BAH.] 
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Adapting to logarithms. 

Let / 

*'- = cos a, 
e 

, sin ^ 
tan X = — 



2 cos '—^ — cos '^ ^ 



There may be transmission of power from the source of 
e to the source of/ even when f> e, provided that / cos y8 
is not>e; as would appear at once from a geometrical 
construction on the plan given above ; and in any case 
the condition of maximum efficiency is one of stability, 
as the position of E found by this construction lies with- 
in the region for which both machines are in stable 
motion. 



CHAPTER XI. 

UPON THE USB OP THE TWO-COIL DYNAMOMETER WITH 
ALTBRNATINO CURRENTS. 

The dynamometer as usually constructed consists of two 
coils destined to transmit the same current, and for that 
purpose placed in series with one another by a maker's 
connection between the end of the first and the beginning 
of the second. The user of the instrument has access 
only to the beginning of the first coil and the end of the 
second. The torsion to be applied* to the suspension of 
the moving coil to bring it into some constant relative 
attitude towards the other coil (usually but not neces- 
sarily the rectangular position) measures with constant 
current the square of it, with harmonic current the half 
of the square, where the maximum value of the current 
gives the denomination to the current.. In this sense I 

J2 

have called the function -^ of the harmonic current I, 

the dynamometer reading. But suppose that the em- 
ployer of a dynamometer has access to the final terminal 
of the first coil, and to the first terminal of the second 
coil, as well as to the two usually free terminals ; and, 
further, suppose that he sends one harmonic current 
through the first coil, and another harmonic current 
through the second coil, the only ruling condition being 

AL On. 07 g 
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that the two currents shall have the same period. 
What in such a case will be the reading of the instru- 
ment ? What will be the torsion necessary to bring the 
coils to the standard relative attitude ? It will be as 
follows : The reading of the dynamometer will measure 

the quantity — q— ^ cos 6, when I^ I2 are the currents as 

usually defined by their maximum values, and is the 
angle of the phase difference between the currents, i.e. 

^ = where t is the interval of time at which the phases 

of one current follow the same phases of the other. 

The truth of this statement appears at once by apply- 
ing the first geometrical proposition (see first Article) , 
when the two magnitudes there considered represent 
IjL I2 respectively. 

I propose to call the reading of a dynamometer under 
such circumstances the Force Reading ^ and the function 

-ir-^ cos will receive the same name. The propriety 

of this depends upon the instrument being so graduated 
that when a direct unit current flows in each coil the 
angle of the index shall be taken as the unit angle. 

This is the same condition under which -^ is called the 

dynamometer reading, under the usual circumstances of 
connection. 

The instrument can be converted into a dynamometer 
of usual construction by placing a stout wire between 
the final terminal of the first coil and the first terminal 
of the second, in fact by making a series arrangement 
of the coils. 

It is clear, therefore, that such an instrument is 
capable of giving in the first and second place the two 
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J2 

dynamometer readings of the two currents — viz., -^ and 

J2 J J 

-^, and in the third place -^-^ cos 0, or the force read- 

ing. A comparison of these three readings will there- 
fore furnish the important angle 0, the angle of phase 
difference, and, by inference, all the quantities upon 
which its value depends. 

Let the three readings be a^ a^ a^, so that 
2' = «i^ ^"=^2, -^2cos^ = a3 

IJ I| = 4 aja2 .'. cos 0= " — . 

Va^a^ 

The final formula, viz., cos = — — ^ will not be changed 

y/a^a2 

even if the instrument is not graduated as I have sup- 
posed, but in any uniform manner, including of course 
the usual degree graduation. 

Before proceeding to examine the application of this 
method to particular cases, it will be well to point out 
the following peculiarity. Whereas, when a dynamo- 
meter is employed to take a dynamometer reading, the 
twist to be given to the suspension is always in the 
same direction, still, when used for a force reading, the 
twist may have to be applied in either direction. This 
will merely depend upon the value of cos 0. If in any 
case the tendency were in the unusual direction, it may 
be reversed, should the mechanical arrangement of the 
suspension or the direction of graduation demand it, by 
simply making the terminals of one of the coils change 
places with reference to the main circuit. 

The previous chapters have been mainly devoted to 
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tracing the eflTect of self and mutual induction and of 
condensers, local or distributed, upon the values and 
phases of the resulting currents of the system. All 
currents in the systems considered have the same period. 
If, therefore, in the dynamometer we have an instru- 
ment capable of measuring the various currents and of 
detecting their phase differences, it is clear we possess 
the means of calculating the values of coefficients of 
self and mutual induction and the capacities of con- 
densers. 

To take as an example the case of a harmonic source 
of E.M.F. operating in a primary coil, which in its turn 
acts by induction upon a secondary coil. First, let the 
dynamometer readings for the two currents be taken 
separately, and suppose them to be a^ and ag respect- 
ively. Then let the force reading be taken, and let it 
be ag. Then the cosine of the angle of phase difference 

will be /'•^ - 

But a reference to Fig. 9, p. 18, shows that this angle is 
BCF or CE A, whose cotangent is equal to —m-i L' being 
the coefficient of self-induction of the secondary coil. 

But cot«^ = ,-^^. :.(^A' = -A_ 

l-cos^^ VrT/ aiag-aj 

U = — _ ^3 

Therefore the coefficient of self-induction of the secon- 
dary coil is determined, the period and resistance being 
of course supposed known. 

The value of M, the coefficient of mutual induction, 
may be found without further observation ; thus : 
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Hence — = ^. sin^. 

CA 
Bat ~y=li. .-. CA = ry2^. 

OF 
Similarly— = 1^. .% CF = Rv/2T,. 

Hence ^a/^= AT^E^! Mtt 

R ^ «! ^ «! ag RT • 

and therefore M= — . ^g 

or the coefficient of Mutual Induction is determined. 

If the coefficient of self-induction in the primary coil 
is desired, it may be determined by making it tempo- 
rarily the secondary coil, and pursuing a similar course 
to that already described. A second determination of M 
will result from the second series of observations serv- 
ing as a check upon the former series. 

It may be pointed out, in passing, that in the deter- 
minations of Jj and M the resistance R in the primary 
coil need not be known, for its symbol does not occur in 
the formulas for those magnitudes. Hence any change 
in the value of the resistance in the primary coil will 
not affect the relative values of aj, a^, and ag, upon 
which M and L' are calculated, for they are indepen- 
dent of R. 

Therefore, the insertion of a resistance in the primary 
coil may be used to bring all the readings within the 
range of the instrument, by pairs in turn. Thus, suppose 
«! ^2 % are in descending order of magnitude. It might 
happen that when the resistance in the primary is such 
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as to allow a^ to be read, a^ might be so small as to be 
untrustworthy. In this case let org ^^ read. Then take 
resistance out of the primary circuit. All the readings 
will go up, a^ would be off the scale at the high end, 
but ag would reach a reasonable value, and may be com- 
pared with dg. Now a^ will be found to have gone up 
in a certain proportion. It will now only be necessary 
to reduce a^ in this proportion to obtain a value which, 
with the former values of a^ and a2, will serve for imme- 
diate use in the equations. 

In investigating the capacity of a condenser by means 
of an alternating current, we may bridge over a circuit 
by means of the condenser at points dividing the circuit 
into two portions, r containing the generator, and R 
beyond the terminals of the condenser. It may be 
convenient to avoid a coefficient of self-induction in that 
part which is remote from the generator, a matter easily 
accomplished. The coefficient for that part which con- 
tains the generator cannot in practice be avoided, but 
fortunately will not appear in the calculations. For a 
little consideration will show that if there is no coeffi- 
cient for the remote section the construction of the 
diagram upon the rules given for Fig. 15 will coincide 
with that given for Fig. 11 up to and including the con- 
struction of the lines giving the effective electromotive 
forces in the two sections. So that we need contemplate 
only the construction of Fig. 11, reproduced so far as is 
necessary in Fig. 24. 

The procedure will be as follows :— 

(1) Take the dynamometer readings for the two sec- 
tions. Let them be a^ for the generator's section. 

02 for the remote section. 

(2) Take the force reading between the two sections. 
Let this be a^. 
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Then, taking I^ and Ig as the currents in the tw^ 
sections, near and remote, respectively, we must have 

Q-p 



EC_T- 



EC = Ey2^ 




Fm. 24. 



and — d==- will be magnitude of the cosine of the angle 

CEO, or the sine of the angle DEO. 
Now, from the geometry of the figure, 
OF^ OE^-FB^ 



tan2 0CF = 



FC2 



FC2 



But 
and 



PE = g-EC = rv'2a2, 

FC = ^EC = ETry2^ 



Hence tan« nnT.-2r^ %-2i-^ a^.^ ^ V o^-a 
2 (R + r)2a2 \R + r/ a^ 
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Therefore tan OCF = =^ /\/^LzZ«. 
il + r ^ a^ 

Cir "Rr 
But by the construction ^ ,^ r- =tan OCF. 

Hence — ^ — = \/ — 



«8 

I 



or C, the capacity of the condenser, = -^/\/-^^ ?, 

thus determined ,from the dynamometer observations. 
It will be noticed that this formula does not involve the 
force reading a^ ; but this if taken can be used in the 
place of aj, for the values can be shown to be identical. 
To prove this point, consider that FBO is the angle of 

phase difference ; therefore its cosine is equal to ^^ 
But cos FEO is also equal to =-^ 

R EO Rry2^ ^^ a,' 
Hence a/^=-^^, 

or 02 = <*3- 

This is an important fact in employing the method to 
measure a condenser, for in practice it would be desir- 
able to have as little self-induction in the remote section 
of the coil as possible. In this investigation it has been 
assumed at zero. But the self-induction in the near 
section has no effect upon the operations. Hence it 
would be desirable to have the coil in the remote section 
of no more than a very few turns of wire, while the 
sensitiveness of the ^instrument might be furnished by 
having very many turns in the other coil; i.e., that in 
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the near section. For the same reason it would be well 
to make the standard position of the coils the rectangu- 
lar one. 

If it be necessary to take the self-induction of the 
remote section into consideration, we may contemplate 
the construction of Pig. 15 down to the fixing of the 
point O. 

In this case the observations may be expected to 
furnish not only the value C of the capacity of the con- 
denser, but also the value of the coefficient of self- 
induction of the remote section, as in fact they will be 
found to do. If a^ a^ a^ are the three observations, we 
have 




f^ 1 ^I^v'i:: 



o>"r/r 



*f'L_ 



Fig. 15. 



OB = ?V2ai, EC = R v/2a2. 
also EF = r ^2al, and cos FEO = 



For brevity call the angle FEO 6, and the angle 
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CEQ /5. Then also FEM = )8. Because EM is perpen- 
dicular to FO, 
therefore EP cos )8 - EO cos 0-^, 

and cos)8=™ . co&0-l3= \/ ^cosd-fi^ 

l-/\/^cos5 
Hence tan /3 = ^ = ^2-^3 



a 



2 



LiTT . y _TE a^-a 



3 



But tani3 = -i-. /.L.^ — ^_ 

or the coefficient of self-induction is determined in terms 
of the dynamometer observations. 

This formula also demonstrates the equality of •a2 and 
^3 when there is no self-induction. 

To find the capacity. From the above value of tan ^ 

we may obtain cos^ B= — 7-^—^ ^r^—^' 

Further, 

tan^MQN=Q^, = =_^. = (^^) ^, cos^ 

R V FE2 + OE2-2FE . OE . cos 6 



= / R \ FE^ + 0E^-2F] 
VR + r/ CE^ 

_/ R y 2r^a, + 2r^a,-2r^a.3 eos^iS 
^ / r Y ai + ff2-2a3 ^ c^i^g-fl^ j 

VR + r/ a| • 



cos2 ^. 
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Hence tan MQN = ,-^ . ^ai02-^l 



But by construction tan MQN = 



R + r 
CTrRr 



TK + r 



Hence f.irn^^a.a.-al^ 

1 a^ 



and c^T ^a,a,-ol 

ttR ag 

Thus the capacity is determined in terms of the dyna- 
mometer observations. 

Similarly, alternating currents and dynamometers 
may be employed to investigate the rate at which 
capacity is distributed along a cable. 

The formulfiB given above for the values of the coefficient of 
self-induction, and of the capacity of the condenser, are ad- 
mirably fitted for calculating their values, to give any desired 
transformation of the phase and relative value of the currents 
in the two sections. [Vide supra on Condenser Transformers.] 

Suppose, for instance, that it is desired to maintain equality 
between the currents, but to put them into quadrature with 
each other, as in the field of a Tesla motor. 

Then (1) a^^a^ ) Comprise all the 

(2) a3= o ) necessary conditions. 

TE 



Hence L,=- 



JT 



c- '^ 



Give the proper values for accomplishing this transformation'. 



CHAPTER XII. 

SILENCE IN A TELEPHONE. 

When a conductor subjected to alternating currents is 
divided between two points into two parallel portions, 
and when the terminals of a telephone are connected, 
one to a point in one of those parallel portions, and the 
other to a point in the other portion, silence may, under 
certain circumstances, exist; just as when the split 
conductor is subject to a uniform current, and a gal- 
vanometer is substituted for the telephone, no visible 
motion of the needle may take place. 

In either of these cases the failure to detect an elec- 
tric flow may arise from want of suflBlcient sensitiveness 
in the instrument employed — ^telephone or galvanometer 
— or to a want of sufficient sensitiveness in the organ of 
sense employed — ear or eye. 

But if in either case no electric flow takes place, then 
there must be silence in the telephone, and no move- 
ment given to the galvanometer needle, however sen- 
sitive the instruments, and however quick the senses. 
Absolute silence in a telephone will therefore exist 
when its terminals are always kept at equal potentials. 

The problem of determining the conditions of absolute 
silence may be complicated by the existence of coeffi- 
cients of self-induction in the four portions of the divi- 
ded part of the conductor, by coefficients of mutual in- 
duction, not merely between these four portions, but 
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between them and the rest of the circuit, and by the 
existence of finite capacity at points of the parallel 
portions. 

I propose merely to deal with the very limited case 
of the presence of self-induction in each of the four 
portions of the parallel parts, each section being sup- 
posed to be so situated as to suffer and offer no induc- 
tion from or on any other portion of the system. This 
case can be easily handled by the geometrical method, 
and will afford a fair example of its use. 

Consider, at first, one of the parallel portions into 
which the conductor is split, and let r^ ?'2 be the resist- 
ances of the two parts into which that portion is divided 
by the terminal of the telephone ; and let L^ Lg be the 
coefficients of self-induction appertaining to each part. 

Since there is no current through the telephone, any 
current through r^ must exist also through r^. Hence 
the currents in these parts must be identical in phase 
and value. On this account, therefore, the effective 
electromotive forces through the two parts must be in 
the same phase, and proportional to the resistances of 
their respective parts. If, therefore, we take a line 
PQ, and divide it in A, so that PA: AQ rir^irg, PA, AQ 
may be taken to represent the effective B.M.P.s through 
r^ and r^. At the point A set off the angle PAM, so 

that tan PAM = -=^ where 2T is the period of the alter- 

nations. 

And at the same point A, but on the side of PQ 
remote from M, set off the angle QAN, so that tan Q AN 

Draw PM, QN, perpendicular to PQ, meeting AM, 
AN, in M and N respectively. 
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Pig. 25. 



Then MA represents the difference of potential of 
the extremities of r^. 

PM represents the B.M.F. of self-induction in r^. 

AN represents the difference of potential of the ex- 
tremities of rg. 

NQ represents the B.M.F. of self-induction in r^. 

If MN be joined, MN will represent the difference of 
potential of the remote extremities of the two parts; i.e., 
the difference of potential of the points between which 
the circuit is divided into parallel portions. 

But this difference of potential exists for the other 
parallel portion, the resistances of which are rg, r^, let 
us suppose. If we were to construct a similar diagram 
to the above for the other parallel, we should arrive at 
another triangle WAHs', of which we know that M'N' 
will represent the same magnitude as MN. 

M'A' will represent in phase and magnitude the dif- 
ference of potential which exists between the second 
terminal of the telephone, and that end of r^ which joins 
on to i\y which point differs in potential MA from the 
first terminal of the telephone. If, therefore, the ter- 
minals of the telephone are to be always at equal poten- 
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tials, M'A' must be to MA as M'N' to MN, and the 
angle NMA must be equal to the angle N'M'A. 

The same argument applies to the lines NA, N'A'. 
In fact, tJie triangles must be similar and the conditions of 
absolute silence in the telephone are expressed in the same 
way a« the conditions of similarity in the triangles, trans- 
lating the elements of the triangles into the physical 
quantities they represent. 

The conditions that two triangles are similar to each 
other are two in number. 

Probably the simplest we can select in this case 
are — 

(1) That -=r=^ shall be equal to --., . , . 

Is A JN A 

(2) That the inclination of MA to NA shall be equal 
to that of M'A' to N'A'. 

Now MA»=(PM)»+(PA)» 

PM^LiTT 

PA""Tri 
...MA« = PA«{H-(^)'| 

Similarly NA» = QA«|l +^)'| 

MA_ri l^"^fe) J . PA r, 



Similarly 



wa: 

wa:'' 



in which LgL^ are the coefficients of self-induction ap- 
pertaining to r^r^ respectively. 
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The first condition, therefore, is that 



or 



To express the second condition, produce NA towards 
AtoB. 

Then the angle BAM is the inclination between MA 
and AN. 

Tan BAM = tan {PAM-QAN} 
_ tan PAN - tan Q AN 
1 + tanPAMtanQAN 

1 ^ ^J^' 

The corresponding function for the other parallel is 

J LsLX 
Therefore the second condition is that 

L^TT TlA^IT LgTT L^ 

Tr^^Trg ^ Trg ~ Tr^ 

r^r^T^ rgr^T^ 

The conditions (a) and (/8) are all that are necessary 
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for absolute silence in the telephone under the drcum- 
stances 'proposed; but among the circumstances occurs 
the period of the alternation, and it is quite possible to 
have (a) and (/8) satisfied for one value of T but not for 
another. Thus the telephone might be silent for one 
tone but not for others, as tone depends upon period, 
and (a) and (yS) are only the conditions of the silence 
in regard to a particular note. It remains to be seen 
whether it be possible to obtain silence for all notes, 
one independent of the value of T. 

From the construction of the figure, it is clear that if 
T is very large M and N move to P and Q respectively, 
and MA becomes coincident with PA, and MN with 
PQ. Therefore, in order that A may divide PQ in the 
same ratio for both figures, it will be necessary that 

^i«^2 = ^8*^4> or -^ = — > *^® usual bridge condition for no 

^2 U 

current through the galvanometer. 

Now, bearing this necessary relation in mind, and 
noting that MP and NQ are drawn perpendicular to the 
same straight line PQ, so that PA : AQ :: r^'. r^y it will 
be impossible that this relation shall hold good for all 
straight lines drawn through A unless A lies in the 
straight line joining N and M. 

In this case MAN becomes a straight line, making 
equal angles with PQ. 

Hence ^=^ 

rjT r^L 

or =r-i = -^ 

and =4 must follow the same rule ; i.e. — 

1^4 



AL Cu. 



E^ r^ ra I19 



114 ALTERNATING CURRENTS. 

When these conditions are fulfilled, the condition (^) 
is necessarily satisfied, the inclination of the lines MA, 
AN, being always zero. Hence these conditions are all 
that are needed to produce silence in the telephone for 
all periods of alternations harmonically executed. 



CHAPTER XIII, 

ON MAGNBTIC LAG. 

When a conductor or system of conductors is sub- 
jected to an alternating current, the magnetic field at 
any point in the neighbourhood has its sign reversed 
at every semi-period. If this process involves the con- 
tinuous rearrangement of anything material, the ques- 
tion naturally arises. Will it not involve a corresponding 
absorption of energy due to the existence of forces whose 
direction always opposes the change taking place ? If 
a wind blows over a field of corn alternately from east 
to west, and from west to east, one can see that a con- 
tinual generation of heat will take place from the 
rubbing together of the stalks ; and this notwithstand- 
ing the natural tendency of each stalk to stand verti- 
cally. The forces concerned in this loss are frictional. 
Does anything of this sort happen with alternating 
currents of electricity? and does a field of magnetism 
bear a likeness to a field of corn ? In more technical 
language, does a change in electrokinetic momentum 
involve a generation of heat, with a corresponding loss 
of energy in some other form ? This question has been 
answered in the negative by various authorities, and 
even the Council of the Institution of Civil Engineers 
has held that view. 

I hold the opposite opinion very strongly, on grounds 

116 



116 ALTERNATING CURRENTS. 

which I have explained before the Physical Society. 
The heating of the iron cores of electromagnets subject 
to alternating currents is too marked a phenomenon to 
admit of explanation otherwise than in this way. To 
say that this is due to Foucault currents is only to assign 
a method to the action, but does not explain it away. 

The following paper on Magnetic Lag is reprinted 
from the Philosophical Magazine, 

In bringing my views on Transformers before the 
Physical Society, it is my desire to emphasize : — 

(1) How the magnetic lag, if it exist, may be measured 
by employing dynamometers of low resistance. 

(2) That the magnetic lag has a real existence. 

(3) That the magnetic lag necessarily accompanies an 
absorption of work involved in the reversal of polarity 
in the iron, and how this may be measured. 

(4) The points in the general argument where scientifib 
facts are wanting, and the direction which investigation 
should take to meet this want. 

The possibility of the existence of a magnetic lag 
renders the problem a different one from that of two 
coils acting and reacting upon themselves by means 
of mutual and self-induction, whose coefficients, being 
geometrical, are constant. 

For the latter problem I gave in the year 1885 a 
complete solution, but I pointed out that the complete- 
ness of the result rested upon the absence of anything 
in the nature of hysteresis (a word not then in use) or 
work done in the field. 

The following year Mr. George Forbes, F.E.S., gave 
what should have been (but for the very poor reporting 
of the Society of Arts' Journal) a solutipn of the 
" secondary generator '^ problem, treating it as a case 
of two coils, assuming that ^^ the magnetism of the core 
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varies as tlie sum of the currents in the two coils " ; 
and the same gentleman has treated the subject again 
in a recent paper before the Society of Telegraph- 
Engineers and Electricians^ in which he makes the 
same assumption^ and says^ referring to the harmonic 
functions which he attributes to the electrical and mag- 
netic quantities involved, that the existence of magnetic 
hysteresis would cause departure from the harmonic 
character, but that, being insignificant so long as the 
magnetic induction in the iron is not high, its considera- 
tion may be omitted, — statements which seem rather to 
evade than to overcome the difficulty. 

Mr. Gisbert Kapp, who has done so much good work 
in the practical development of transformers, also, in 
my opinion, makes the same assumption, — that the state 
of magnetization in the core coincides with the magnetic 
stress resulting from compounding the stresses derived 
from the two coils. 

In the view I shall put forward I shall assume — 

(1) That the variations are harmonic. 

(2) That the only induction in the secondary coil is 
derived from the core, and is, therefore, as regards 
phase, in quadrature with the magnetization. As the 
current in the secondary coil will be considered as pro- 
ducing one of the components of the stress producing 
magnetization, itself reacting upon the coil, the necessity 
of introducing a special E.M.F. of self-induction is 
obviated. 

(3) That each turn in either coil embraces the same 
number of magnetic lines. 

I shall also make use of the following symbols : — 
E, the maximum electro-motive force of the machine ; 
Ii, the maximum value of the current in the primary 
circuit ; 
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Ig, the maximum value of the current in the secour 
dary circuit; 
IT —6, the augle of phase-difference between the cur- 
rents; 
m, the number of turns of wire in the primary coil ; 
Uy „ „ „ secondary coil; 

<f>, the angle of magnetic lag ; 
r^, the resistance in the primary circuit ; 
» fg, „ „ secondary circuit ; 

respectively in the primary and secondary 
circuits, their constants being A and B, so 

J 2 J 2 

that "2 = Aa^, -^ = Bag ; 

©3 is the reading of a dynamometer, one of whose 
coils is in the primary, the other in the secon- 
dary, circuit* Its constant is C» 
M is the maximum magnetization. 
The magnetic stress produced by each coil is pro- 
portional to the current in that coil multiplied by the 
number of turns in the coil, and is here taken to be 
that product, called very often the Ampere-turns. Its 
maximum value in the primary coil is ml^, and in the 
secondary coil it is nig. 

Now the observations on the dynamometers A and B 
furnish us with a knowledge of I^ and Ig in any case; 
and m and n are details of the construction of the 
transformer. Thus we are in possession of the two 
quantities m\ and ^ilg. 

But the three dynamometer observations enable us to 
determine the angle of phase-difference between the 
currents, as I have elsewhere explained : — 

'^' ^=v-Aa,Bag ^^' Ca3=-^— • 
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We are therefore in possession of tlie two components 
of the magnetic stress and of the angle between them. 
Hence we are virtually in possession of the whole mag- 
netic stress and its phase relatively to its components. 
If the resultant is in quadrature with that component 
which results from the curreijt in the secondary coil, 
it is in the same phase as the magnetization, which is 
in quadrature with that component ; but not unless this 
is the case. 




Fig. 26. 

Let the line AB represent ml^ or the magnetic stress 
in the primary circuit, and let BC represent the magnetic 
stress in the secondary, and let ABC be the angle 0, 
found as above. Then AC is the resultant magnetic 
stress. 

But the magnetization is in quadrature with BC. 
Draw AD at right angles to BC. Then CAD represents 
the magnetic lag, which is seen to vanish if ACB is a 
right angle. The condition of the existence of lag is 
therefore that 

CB<ABcos^, 
which in terms of the dynamometer observations is 

Ca, 



* ^ \/Aai Ba, 



or -D ^ n 

x>ao< — K^aa, 

^ n * 
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The observation on the dynamometer in the primary is 
seen to be eliminated. Thus this question can be tested 
with two dynamometers only. The amount of lag is re- 
presented by the angle CAD. We can easily express its 
tangent in terms of the three dynamometer observations. 

DBCB 
^ CD DB-BC _ AB AB 
tan 9-jyj^-j^ gin^" ^/l-cos^ 

a/1- cos* £» 
Gas 






C^ac^ 



Aa^ Bag 



C«8-- Bag 
"" V^Ac^Bo^d^ ' 

Thus the angle of magnetic lag, if it exist, can be de- 
tected with two dynamometers and measured with three. 



In dealing yet further with the results furnished by 
the observations, we must remember that the waxing 
magnetism has the same inductive effect in producing 
B.M.F. in each turn of the coils of the two circuits. 
But we can, from the observation of dynamometer B, 
say what that B.M.F. per turn is. The whole B.M.F. 
in the secondary coil is Ig^g, consequently the B.M.F. 

I r 

per turn is -^. Therefore in the primary the total 

I r 
B.M.F. arising from magnetic induction is m -^- 
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The current arising from the same source is — , 

-II . . , . . m^ l2ro 
and the magnetizing stress on this account is — , 

which must be looked upon as one of the components 
of the whole magnetizing stress due to the primary 
current ; and this component is in the same phase as 
the magnetizing stress in the secondary. 

Hence, returning to the figure, if we produce CB to 

P, so that CB : BF :: 12I3 : — ^ 



n ri 



1 



1 . !^ !i 
J. • 9 • 



i 




FB is one of the components of AB. 
The other component (i.e., that arising from the 
machine's proper electro-motive force) is AF. Hence 

It follows that the electro-motive force B, which the 
machine is exerting, may be thus determined by means 
of the dynamometer observations. 
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AP2 = XW + BF2 + 2 AB BF cos ABC, 
— 2- = m^V + ( -3 -M ti^IgS + 2mli — n -^ nig cos ^, 



7/1^ _ wi 



.-. E2=r,«V + rW ^, + 2v, - IJ, cos e, 
= ri82 Aai + — ^ v2Ba2 + 4rir2 - Gag, 

= 2|ri2Aai + r^^ ^ Bag + 2ri7-2 ^ Ca3|. 

Another interestiDg magnitude is AC, or the total 
impressed magnetic force. 

ACS = AB2 + BC2 - 2 AB BC cos 0, 
= wrl^ + n^l^ — 2mnlilg cos 0, 
= 2 w^AajL + 2nSBa2 — 4wnCa3, 
= 2 {w^Aai + yi^Baj — 2m»Caj} . 

By means of this we may calculate what current 
should be passed through the primary circuit, the 
secondary being open, to produce the same state in 
the core. 

But perhaps the most interesting point to men of 
science and to civil engineers is the question of power. 
We may approach it thus perhaps in the simplest way. 




Fig. 28. 
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By dropping a perpendicular from F upon AB pro- 
duced, we easily see that 

AF cos BAF = BF cos ABC + AB. 
Multiplying through by AB we have 

AF AB cos BAF = AB BF cos ABC + AB^. 

Substituting the electric quantities for the geometrical, 
ml. cos BAF = ml. —5 - tilo cos + m^L^ ; 

multiply through by ^^ 

Ell cos BAF m I Jg cos r^ 
2 ^^^ n 2 "^ 2 • 

But the term on the left is the expression for the total 
power, and those on the right hand may be expressed 
in terms of the dynamometer observations. 
Thus the total power 

The first term here is obviously the power at work 
heating the primary coil, 

v'gBag is as obviously the power heating the secondary 
coil. 

If, therefore, we write the total power 

we see that the power involved with the magnetic lag is 



rg|— Ca3-Ba2|, 



the form showing that it disappears if the lag does so. 

Thus we are led to the conclusion that a magnetic lag 
involves a loss of power, and any loss of power due to 
molecular action in the core taking place in the course 
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of the alternations of magnetization must necessarily 
produce lag. 

Now, if the changing magnetization does work, it must 
do it against a force, and this force must be of the 
character which of itself would produce magnetization ; 
i,e,y magnetic force. Just as when a body moving in a 
medium does work in the medium, it does so by calling 
into being, or inducing, a force, viz., friction; force 
being that sort of magnitude which, acting upon a body, 
produces motion. 

By analogy alone, therefore, we may infer that when 
changing magnetization is a continuous source of ab- 
sorbed work, the changing magnetization induces what 
would itself produce magnetization ; that is, an induced 
stress acting in opposition to the direction of the change 
in the magnetization. 

This may perhaps be allowed ; but it may be urged 
that there is plenty of magnetic stress already, im- 
pressed by the currents; why should not the changing 
magnetization work on this ? The answer to this ob- 
jection is, that if there be no other stress but that 
impressed from outside, then the phase of the magne- 
tization will be in the same phase, and therefore tlie 
increase of magnetization will be in quadrature with the 
stress, and hence no work will be continuously absorbed. 
For though through some phases work may be done in 
such a case, this is always recoverable and recovered 
in a complete period, a proposition which I have stated 
and proved in my papers upon Alternating Currents in 
1885. 

I apprehend, therefore, that besides the stresses AB 
BO we have another induced stress in quadrature with 
the magnetization, because called into being by its 
increase, and therefore in the same phase as FB or BC. 
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Let BO, therefore, be produced until it meets in D 
the line AD drawn at right angles to BC. 




-Z T" 

Fig. 29. 

Then AD will be the effective magnetic stress; i.e., 
that magnetic stress which, maintained with a steady 
current, will produce the actual magnetization ; hence, 
if M is the maximum magnetization, 
47rAD ^, 

where p is called the magnetic resistance. Thus — 

1«7r 

ttM 
If 2T is the period of alternation, -m- is the maximum 

rate of increase of M. If 

N may be called the coefficient of magnetic self-induc- 
tion. 

Under the exigences of a certain temporary nomen- 
clature CD might be called the Foucault- Ampere turns 
existing in the core itself. 

Substituting for M in terms of AD, 

__ ^ Ntt 47rAD 
DO— -mt 

or DO 

AD" 



j = tan0 = |^|N. 
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I have explained above how tan may be obtained 
from the dynamometer observations. We may therefore 
employ this formula for the determination of the value 
and constancy of N, if we can rely upon the values of 
T obtained by observation at the time, and of p known 
otherwise. 

The constancy of p obtains so long as magnetization 
can keep pace with magnetic stress. These conditions 
are fairly well understood, and AD must not exceed the 
stress representing the limiting one. Thus it will be 
well to know AD. 

AD = AB sin e=-m\Vl-^co^W, 



= w 



Aa^ ^a^ 

= v2.m. ^-7= ^• 

v/Bag 

I think, therefore, experiment should move in the 
following direction. The constancy or the reverse of 
N under varying speeds should be first determined by 
experiments with currents so small or coils so few that 
the magnetic resistance p may be safely assumed con- 
stant. For this purpose it would be necessary to employ 
some speed-indicator. 

Professor Forbes, F.R.S., in his paper upon trans- 
formers, already quoted, says that the- existence of 
hysteresis would cause a departure from the harmonic 
character of the motion, but that the effects are small 
and negligible. 

If N, however great, remains constant, the harmonic 
character of the variation is maintained. But if experi- 
ence showed that induced stress varies as the square or 
higher power of the rate of change of magnetization, 
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then indeed a serious modification would take place, 
and this would be likely if the neighbourhood of satura- 
tion were reached. 



In the foregoing investigation I have represented 
magnetic stress as of the order Giirrent, and the formulae 
I have introduced hitherto will bear this convenient 
form of expression ; but, strictly speaking, it is of the 
order Field, and when we wish to settle the dimensions 
of N, we must take this into account. The M of the 
work is really of the order Induction or [Z"~*/~^m*] . Now, 
the rate of increase of Induction multiplied into N is 
equal to Field, or [Z"~*i"~^w*] ; 

.-. N 7 = [Z-*^"-'m*], 

.•.N=M.* 

The actual experiments, which I now bring to the 
notice of the Society, were carried out at the works of 
Messrs. Nalder, Brothers & Co., of Westminster, and 
I am greatly indebted to these gentlemen themselves, 
and to Mr. Crawley and Mr. Mott, for their assistance 
in making them, for they freely placed their steam- 
power, their electrical power, and their intellectual 
power at my disposal. 

These experiments had no other object than to test 
the question of the existence of magnetic lag by dyna- 
mometers, and to measure the angle of lag. 

The machine employed and the transformer were of 
the Kapp forms. The number of turns of wire in the 

* Or [tyT^'] according to Prof. A. W. Riicker's more complete 
formulation. Compare with this the coefficient of Electric Self* 
Induction [Zf*]. 
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two coils had been ascertained for me by Mr. Crawley. 
They were 100 and 12 respectively. 

Considering the considerable differences in the rela- 
tions of the currents, the constancy of the angle of lag 
appears to me to point to a simple law connecting it 
with the magnetization. 

There was no very accurate speed-indicator employed, 
and the speed was approximately the same in the first 
six experiments. In the seventh experiment the speed 
was purposely much diminished, by about one third of 
that in the former cases, and in this experiment alone 
does the lag appear at less than 5°. 



No. of 
Experi 
ment. 


Aa|B 
2 • 


2 • 


C«3. 


m _ 


e. 


0. 


V'Aai sill ^• 


1. . . 

2. . . 

3. . . 

4. . . 
6. . . 

6. . . 

7. . . 
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821 
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86-06 
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14-31 
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76-40' 
76'' 19' 
72' 46' 
77' 4' 
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60' 17' 


6' 43' 
6' 38' 
6' 26' 
6' 21' 
6' 24' 
6' 4' 
4' 60' 
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8-176 
8-804 
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2-488 


No. of 
Experi- 
ment. 


n- 


Tj. 




2 ^3- 


Power of 

internal 

magnetio 

work=:H. 


H 


Aai sin ^6' 


1. . . 

2. . . 

3. . . 

4. . . 
6. . . 

6. . . 

7. . . 


2- 


01 

>» 
>» 


2-61 
2-36 
1-96 

2-87 
4-77 
0-72 
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69-20 

74-66 
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163-16 

170-79 

16-60 


13216 
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180-69 

232-47 

138-47 

73-14 


84-96 

86-17 

102-63 

179-16 

172-82 

12-73 
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2-31 
2-09 
2-06 
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1-5 


1-2115614 


1-1408362 


2^3513978 


•0707252 


1^6 


1-2741325 


1-3033320 


2^5774645 


- -0291995 


1-7 


1-3497354 


1-4785800 


2-8283154 


- -1288446 


1^8 


1-4401355 


1-6673376 


31074731 


- -2272021 


1^9 


1-5472209 


1-8705105 


3-4177314 


--3232896 


2^0 


1-6730244 


2-0891713 


3-7621957 


- -4161469 
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1-8197334 


2-3245796 


4-1443130 


- -5048462 


2-2 


1-9897036 


2-5782048 


4-5679084 


- -5885012 


2^3 


2-1854716 


2-8517475 


5-0372191 


-•6662759 


2^4 


2-409776 


3-147170 


5-556947 


-•7373937 


2-5 


2-665573 


3-466717 


6-132290 


-•8011436 


3-0 


4-538775 


5-528771 


10-06766 


-•989996 


4-0 


13-15412 : 


13-98094 


27-30824 


--82682 
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THE SPECIALISTS' SERIES. 



4 Series of Handbooks for Stadents and Fraotieal Engineers. 
Crown 8vo, cloth. With many Ulnstrations. 

THE TELEPHONE. By W. H. Preece, F.R.S., and J. 

Mater, Ph.D. With 290 lUastrations, Appendix, Tables, and Full 

Index. 12s. 6d. 
Com-KKTS.— Introduction — Sound and Speech— Induction— The Bell Telephone 
-Carbon Transmitters— Theory— Telephone Receivers— Special Telephones— On 
the Comparative Efficiency of some Transmitters— Telephone Wire— Auxiliary 
Apparatus used in the installation of Telephone Stations— Ordinary Terminal 
Stations— Intermediate Terminal Stations — Telephone Exchanges.- The British 
Post Office System— The Grerman System— The French System— The Swiss System 
—Miscellaneous— Telephone Exchange Multiple Switches. The Western Electric 
Multiple Switchboard. Manchester Exchange System— Intercommunication be- 
tween two Distant Telephonic Networks. System of Translation— Public Telephone 
Stations — Multiplex and Long Distance Telephony— Several Subscribers placed 
on one Circuit (I) (II) (III)— Application of the Telephone to the Telegraph Ser- 
vice—The TelepJione as a Military Instrument— Miscellaneous Applications — 
Appendix— The Telephone in London— Tables— British Wire Gauge— Index. 

MAGNETO- AND DYNAMO-ELECTRIC MACHINES. 

With a Description of Electric Accumulators. From the German of 
Glases de Cew. With Illustrations. 7s. 6d. 

ELECTRIC TRANSMISSION OF ENERGY, AND ITS 

TRANSFORMATION, SUBDIVISION, AND DISTRIBUTION. 
A Practical Handbook by Gisbert Kapp, C.B., Associate Member of 
the Institution of Civil Engineers, etc. With 119 Illustrations. 7s. 6cJ. 
Second Edition in the press, 
*'We cannot speak too highly of this admirable book, and we trust future 
editions will follow in rapid succession."- Electrical Beview. 

" This excellent work . , . must be accorded a prominent place among the 
few standard works on the subject."— Electrician {New York). 

GAS ENGINES : Their Theory and Management. By 

William Macoreoob. With 7 Plates. 8s. 6d. 

OoirT«ifT8.—Introductory— Direct Working Engines without Compression— Gras 
Engines working with Compression— Compression Engines with Compressing 
Pump—Theory of the Gas Engine— Relative Speed of Combustion in Gaseous 
Explosive Mixtures — ^Witz's Theoretical Cycles of Gas Engines— Some Further 
Theoretical Data— Clerk's Theory of the Gas Engine— The Gas Engine Indicator- 
Diagram— Index . 

" Mr. Macgregor has collected a considerable amount of information on his sub- 
ject of a kind which may prove valuable to many readers. All who desire to be 
well informed in gas engines will be able to get what they want from these 
pages." — Engineering. 

BALLOONING : A Concise Sketch of its History and 

Principles. From the best sources, Continental and English. By G. 
May. With Illustrations. 2s. 6d. 



uowTBiTTS.— introduction— First Practical Experiments— Resources and Incidents 
— The Practical Application of Aeronautics— Military Applications of Ballooning— 
Steering Power — Present State of Ballooning and Recent Proposals for Steering 
Balloons— The Cost. 

" Mr. May gives a clear idea of all the experiments and inu)rovement8 in aero- 
navigation from its beginning, and the various useful purposes to which it has 
been applied." — Conte^nporary Review. 



ARC AND GLOW LAMPS. A Practical Handbook on 
Electric Lighting. By Julius Maier, Fh.D., Assoc. Soc. TeL Bug., 
etc With 78 Ulustrations. 7«. 6d. 

The whole system of modem electric illumination is dealt with in this 
Tolnme. It gives a detailed description of all the principal modem gene- 
rators and lampsj together with conductors and the other appliances required 
in electric light installations. It contains also a full account of the various 
applications of electric lighting up to recent date. 

'* The author has collected all the meet recent available information concerning 
the process of manufacture, life, etc., of arc and glow lamps in a very convenient 
and readable form."— Engmeer. 

" This valuable handbook ought to be in the possession of every one interested 
in artificial lighting."— Oos World, 

ON THE CONVERSION OF HEAT INTO WORK. A 

Practical ^ndbook on Heat-Engines. By William Anderson, 
M.Inst. G.E. With Gllllustrations. 6s, Second Edition, with additions. 

" From beginning to end the book is written for engineers, and it is therefore 
ikely to prove more useful to engineers than any work with a similar object pro- 
ducctd by a non-practical man for students of physical science. 

'* We have no hesitation in saying there are young engineers— and a good many 
old engineers too— who can read this book, not only with profit, but pleasure ; and 
this is more than can be said of most works on heat.'*— Bngiueer. 

" The volume bristles from beginning to end with practical examples culled 
from every department of technology. In these days of rapid book>making it is 
quite refreshing to read through a work like this, having onginality of treatment 
stamped on every page."— £l«ctrtcal Review, 

SEWAGE TREATMENT, PURIFICATION, AND UTI- 

LIZATION. A Practical Manual for the Use of Corporations, Local 
Boards, Medical Ofiicers of Health, Inspectors of Nuisances, Chemists, 
Manufacturers, Biparian Owners, Engineers, and Batepa^ers. By J. 
W. •■ Slater, F.E.S., Editor of Jowmal of Science, With Illustra- 
tions. 68. 

MANURES. By Dr. A. B. Griffiths, F.R.S.Ed., F.C.S., 

Principal and Lecturer on Chemistry in the School of Science, Lincoln. 
With Illustrations. 7«. 6d. 

ALTERNATING CURRENTS OF ELECTRICITY. By T. 

H. BLAK.ESLEY, M.A. 

In Preparation, 

GALVANIC BATTERIES. By Prof. George Forbes, M.A. 
INDUCTION COILS. By Prof. A. J. Fleming, M.A., D.Sc. 
HYDRAULIC MOTORS. By George R. Bodmer, Assoc. 

M.Inst.C.E. lln the press, 

THE DYNAMO. By Guy C. FriCKER. IPreparing, 



LIVES OF THE ELECTRICIANS. First Series: Pro- 
fessors Tyndall, Wheatstone, and Morse. By William T. Jeans. 
Crown 870, cloth, 6«. 
" This is our ideal of how such lives should be written. We rise from the read- 
ing of the hook full of admiration for the men, and understanding the methods 
and results of their labours. Here are, in fact, the fairy tales of science. — 
SheffieU Independent. , , , ^ ^ .. ^ j 

•« Not merely readable, but fascinating, and will be devoured both by young and 
old." — Electrical Revievo, 
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IRecent anti jFottftcomtng IpubUcattons- 

Third Edition^ Crown Svo, Cloth^ 6j. 

PRACTICAL EDUCATION. 

A WORK ON 

PREPARING THE MEMORY, DEVELOPING 

QUICKNESS OF PERCEPTION, AND 

TRAINING THE CONSTRUC 

TIVE FACULTIES. 

By CHARLES G. LELAND. 

Author of*' The Minor ArtSy" " Twelve Manuals of Art Work," " The Album 

o/Repoussi Work" Industrial Art in Education, or Circular 

No. 4, 1882," ** Hints on Self Education" etc. 

Mr. Lklano was the first person to introduce Industrial Art a& a branch of 
education in the public schools of America. The Bureau of Education at Wash- 
ington, observing the success of his work, employed him in 1863 to write a pam- 
fhlet showing^ how hand-work could be taken or taught in schools and families, 
t is usual to issue only 15,000 of these pamphlets, but so great was the demand 
for thb that in two years after its issue more than 60,000 were £[iven to api>licants. 
This work will be found greatly enlarged in ** Practical Education." Owing to it 
thousands of schools, classes, or clubs of industrial art were established in Eng- 
land, America and Austria. As at present a great demand exists for information 
as to organizing Technical Education, this forms the first part of the work. In it 
the author indicates that all the confusion and difference of opinion which at pre- 
sent prevails as to this subject, may very easily be. obviated by simplv beginning 
by teaching the youngest the easiest arts of which they are capable, and by 
thence gradually leading them on to more advanced work. 

" The basis of Mr. Leiand's theory," ssiys a reviewer, "is that before learning, 
children should acquire the art of learning. It is not enough to fill the memory, 
memory must first be created. By training children to merely memorize, extra- 
ordinary power in this respect is to be attained in a few months. With this 
b associated exercises in quickness of perception, which are at first purely 
mechanical, and range from merely training the eye to mental arithmetic, and 
problems in all branches of education. Memory and quickness of perception 
olend in the development of the constructive faculties or hand-work. Attention 
or interest is the final factor in this system." 

' ' Mr, LeUutds book will have a wide circulation. It deals with the whole sub- 



ject in such a downright practical /ashion^ and is so much the result of long 
personal experience and observationy as to render itaveritable mine 0/ valuable 
suggestions."— ^MT\^H Architect. 

*"lt has little of the dryness usually associated with such books ; oiid no 
teeuhercan read its thoughtful pages without imbibing many valuable ideas.'*' — 
Scottish Educational Nbws. 

*' Strongly to be recommended," — Chbmical News. 

" This valttable little w<>>7&."- -Liverpool Daily Post. 

" Many of Mr. Lelands suggestions might be carried out advatttageously 
among the young folks in our large towns and villages." — Northern Whig. 



Classical and Educational Works. 3 

Now publishing in parts, is. each, 

£@tnot 2lTt0 and 3ndU0trte0* 

A SERIES OF ILLUSTRATED AND PRACTICAL MANUALS FOR 
SCHOOL USE AND SELF-INSTRUCTION. 

Edited by CHARLES G. LELAND. 

This series of manuals on '* The Minor Arts and Industries " is 
designed on the lines thus laid down. It will be found that each 
handbook presents the subject with which it deals in a thoroughly 
popular and practical manner ; that the lessons carry the student on 
his road step by step from the veriest elements to the point where the 
most advanced works fitly find their place in his course of study ; in 
short the greatest pains have been taken to ensure a thorough mas- 
tery of the rudiments of each subject, and to so ckarly scate each 
lesson, illustrating it where necessary by plans and drawings, that 
even very young children may be interested in and trained to prac- 
tical work. On similar grounds the self-taught student will find these 
manuals an invaluable aid to his studies. 

Part I now ready. Paper cover, is, or in cloth, is. 6d, 

DRAWING AND DESIGNING: 

IN A SERIES OF LESSONS 
By CHARLES G. LEiLAND, M.A., F.R.L.S. 

Other volumes will follow at short intervals, amongst the subjects of 
the earlier of which may be named — 

Wood Carving. Metal Work. 

Embroidery. Modelling. 

Leather Work. Carpentering. 

Agriculture, Commerce, etc. 

Housekeeping. 
Also it is intended to include in time all branches of Art and Pmc- 
tical Industrial Science, so that the young of both sexes may have 
practical and valuable aid in preparing for active life and remunera* 
tive work. 



Whittaker and Go's List of 



GREEK AND LATIN. 
IStbliotfieca Classica. 

A Series of Greek and Latin Authors^ with English Notes^ 
edited by eminent Scholars, Svo. 

-ffiSCHYLUS. By F. A, Paley, M.A. Ss. 

CICERO'S ORATIONS. By G. Long, M.A. 
4 vols. Ss. each. 

DEMOSTHENES. By R. Whiston, M.A. 2 vols. 
Ss. each. 

EURIPIDES. By F. A. Paley, M.A. 3 vols. 8x. each. 

HERODOTUS.ByRev.J.W.Blakesley,B.D.2vols.i2J. 

HESIOD. By F. A. Paley, M.A. 51. 

HOMER. By F. A. Paley, M. A. Vol. I.8x. Vol. II. 6j. 

HORACE. By Rev. A. J. Madeane, M.A. Ss. 

JUVENAL AND PERSIUS. By Rev. A. J. 

• Macleane, M.A. 6s, 

LUCAN. The Pharsalia. By C. E. Raskins, M.A., 
and W. E. Heitland, M.A. I4f. 

PLATO. ByW. H.Thompson, D.D. 2 vols. 5^. each. 

SOPHOCLES. VoL I. By Rev. F. H. Blaydes, M.A. Ss. 

Vol. II. Philoctetes — Electra — ^Ajax and Tra- 

chinia. By F. A Paley, M.A. 6s. 

TACITUS : The Annals. By the Rev. P. Frost. Ss. 

TERENCE. By E. St. J. Parry, M.A. 9^. 

VIRGIL. By J. Conington, M.A. 3 vols. 10s, 6d. each. 
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Grammar ^cf)ooI Cla0sic0. 

A Series of Greek and Latin Authors^ with English Notes* 
Fcap, Svo, 

CJESAR: DE BELLO GALLICO. By George 
Long, M.A. 4 J. 

Books I.-III. For Junior Classes. By George 

Long, M.A. is. 6d, 

Books IV. and V. in i vol. is. 6d. 

Books VI. and VII. in i vol. is. 6d. 



CATULLUS, TIBULLUS, AND PROPER- 

TIUS. Selected Poems. With Life. By Rev. A. H. 
Wratislaw. 2s. 6d. 

CICERO: DE SENECTUTE, DE AMICITIA, 
and SELECT EPISTLES. By George Long, M.A. y. 

CORNELIUS NEPOS. By Rev. J. F. Mac- 
michael. 2s. 

HOMER : ILIAD. Books I. -XII. By F. A. Paley, 
M.A. 4s. 6d. 
Books I. -VI., 2s. td. ; Books VIL-XIL, 2j. 6^. 

HORACE. With Life. By A. J. Macleane, M.A. 
3J. dd. In "SJ Parts : Odes, 2s. ; Satires and Epistles, 2s. 

JUVENAL: SIXTEEN SATIRES. By H. Prior, 
M.A. y. 6d. 

MARTIAL: SELECT EPIGRAMS. With Life. 
By F. A. Paley, M.A. 4f. 6d. 

OVID : The FASTI. By F. A. Paley, M.A. 3^. 6d 

Books I. and II. in i vol. is. 6d. 

Books III. and IV. in i vol. is. 6d. 

Books V. and VI. in i vol. is. 6d. 

SALLUST: CATILINA and JUGURTHA. With 
Life. By G. Long, M.A., and J. G. Frarer. 3^. (>d. Catilina, 
2s. Jugurtha, 2s. 

TACITUS: GERMANIA and AGRICOLA. By 

Rev. P. Frost. 2s. 6d. 
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VIRGIL : BUCOLICS, GEORGICS, and ^NEID, 
Books I.-IV, Abridged from Professor Conington's edition. 
4f. td. 

iENEID, Books V.-XII. 4^. 6//. 

Also in 9 separate volumes^ is, 6d. each^ 

XENOPHON: The ANABASIS. With Ufe. By 
Rev. J. F. Macmichael. 3^. 6^. 

Also in 4 separate zwlumes, is» 6(1. each, 

The CYROP^DIA. By G. M. Gorham, M.A. 

3J. 6ar. 

Books I. and II. in i voL i^. dd. 

— Books V. and VI. in x vol. \s, 6d, 
MEMORABILIA. By Percival Frost, M.A. 



3^. 

A GRAMMAR-SCHOOL ATLAS OF CLAS- 
SICAL GEOGRAPHY, containing Ten selected Maps. 
Imperial 8vo. y. 

Uniform with the Series, 

THE NEW TESTAMENT, in Greek. With 
English Notes, &c By Rev. J. F. Macmichael.. 4f. 6d, 
Separate parts, St. Matthew, St. Mark, St. Luke, St. John, 
Acts, 6d. each, sewed. 



CamtirtDge €>ree& ann Latin Certs. 

These Texts, which are clearly printed at the Cambridge Univer- 
sity Press, on good paper, and bound in a handy form, have been 
reduced in price, and will now meet the requirements of masters 
who wish to use Text and Notes separately. 

^SCHYLUS. By F. A. Paley, M.A. 2s, 

C^SAR: DE BELLO GALLICO. By G. Long, 
M.A. IS 6d. 

CICERO : DE SENECTUTE et DE AMICITIA, et 
EPISTOL^ SELECTiE. By G. Long, M.A. is, (yd. 

CICERONIS ORATIONES. Vol. L (in Verrem.) 
By G. Long, M.A. 2j. 6^. 
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EURIPIDES. By F. A. Paley, M. A. 3 vols., each 2 j. 

Vol. I. Rhesus — Medea — Hippolytus — Alcestis — 

Heraclidse — Supplices — Troades — Index. 

Vol. II. Ion — Helena— Andromache— Electra— 



Bacchoe — Hecuba — Index. 



- Vol. III. HerculesFurens—Phoenissae— Orestes— 



Iphigenia in Tauris — Iphigenia in Aulide — Cyclops — Index. 

HERODOTUS. By J. G. Blakesley, B.D. 2 vols., 
each 2s, 6d» 

HOMERI ILIAS. I.-XII. By F. A. Paley, M.A. 
is, 6d. 

HORATIUS. By A. J. Macleane, M.A. is. 6d. 

JUVENAL ET PERSIUS. By A. J. Macleane, 
M.A. I J. 6d. 

LUCRETIUS. By H. A. J. Munro, M.A. 2s. 

SALLUSTI CRISPI CATILINA ET JU- 
GURTHA. By G. Long, M.A. is. 6d. 

SOPHOCLES. By F. A. Paley, M.A. 2s. 6d. 

TERENTI COMGSDIiS. By W. Wagner, Ph.D. 

2S. 

THUCYDIDES. By J. G. Donaldson, D.D. 2 vols., 
each 2s. 

VERGILIUS. By J. Conington, M.A. 2s. 

XENOPHONTIS EXPEDITIO CYRI. By 

J. F. Macmichael, B.A. i^. 6d. 

NOVUM TESTAMENTUM GRi®CE. By 

F. H. Scrivener, M.A. 4?. 6d. An edition with wide margin 
for notes, half bound, 12s. 
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CambriDge Certs tottb jQotes. 

A Selection of the most usually read of the Greek and Latin 
Authors^ Annotated for Schools, Fcap. Svo, is. 6d, 
eachj with exceptions, 

EURIPIDES. ALCESTIS — MEDEA— HIPPO- 
LYTUS— HECUBA— BACCH^— ION (2J.)— ORESTES— 
PHOENISS^— TROADES- HERCULES FURENS— 
ANDROMACHE — IPHIGENIA IN TAURIS— SUP- 
PLICES. By F. A. Paley, M.A, LL.D. 

i®SCHYLUS. PROMETHEUS VINCTUS— 
SEPTEM CONTRA THEBAS— AGAMEMNON— PERS^ 
— EUMENIDES— CHCEPHORCE. By F. A. Paley, M. A., 
LL.D. 

SOPHOCLES. CEDIPUSTYRANNUS— GEDIPUS 
COLONEUS— ANTIGONE— ELECTRA—ATAX. By F. 
A. Paley, M.A., LL.D. 

THUCYDIDES. BOOK IV. By. F. A. Paley, 
M.A., LL.D. 

XENOPHON. HELLENICA. BOOK II. By 
Rev. L. D. Dowdall, M.A. 

^ ANABASIS. Edited by Rev. J. F. Macmichael. 

New edition^ revised by T. E. Melhuish, M.A. In 6 vols. 
Book I. (with Life, Introduction, Itinerary, &c); Books II. 
and III.2J. ; Book IV., Book V., Book VL, Book VII. 

HOMER. ILIAD. BOOK I. By F. A. Paley, 
M.A., LL.D, ij. 

VIRGIL (abridged from Conington's edition). BUCO- 
LICS : GEORGICS, 2 parts : iENEID, 9 parts. 

TERENCE. ANDRIA— HAUTON TIMORU- 
MENOS— PHORMIO— ADELPHOE. By Professor Wag- 
ner, Ph.D. 

CICERO. DE SENECTUTE— DE AMICITIA— 
EPISTOL^ SELECTiE. By G. Long, M.A. 

OVID. SELECTIONS. By A. J. Macleane, M.A. 

Others in preparation. 

Critical ano annotateD CDtttons. 

CICERO'S MINOR WORKS. De Officiis, &c. &c. 
With English Notes, by W. C. Tylor, LL.D. i2mo. cloth, 
3J. ()d. 
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VIRGIL'S AENEID. ♦ With English Notes, by 
C. Anthon, LL.D. Adapted for use in English Schools by the 
Rev. F. Metcalfe, M. A New Edition, i2mo. 7^. 6</. 

(©reek- 

BEATSON'S PROGRESSIVE EXERCISES ON 
THE COMPOSITION OF GREEK IAMBIC VERSE. 
i2mo. cloth, y, 

DAWSON'S GREEK-ENGLISH LEXICON TO 

THE NEW TESTAMENT. New Edition, by Dr. Tylor. 
• 8vo. cloth, 9j. 

NOVUM TESTAMENTUM GRiECE. Textus 

Stephanici, 1550. Accedunt variae Lectiones editionum Bezae, 
Elzeviri, Lachmanni, Tischendorfii, Tregellesii, curante 
F. H. Scrivener, M.A. 4?. 6^. An Edition with wide margin 
for MS. Notes, 4to. half-bound morocco, izr. 

Textiis Stephanici, a.d. 1550, Cum variis Lec- 

tionibus Editionum Bezse, Elzeviri, Lachmanni, Tischendorfii, 
Tregellesii, Westcott-Hortii, Versionis Anglicanse Emendato- 
rum, Curante F. H. A. Scrivener, A.M., D.C.L., LL.D., 
Accedunt Parallela S. Scripturae Loca. Small post 8vo. cloth, 
pp. xvi.-598, 7j. dd, 

Editio Major containing, in cuidition to the matter in the 
other Edition, the Capitula {majora et minora) and the EuseHan 
Canons, the various Readings of Westcott and Hort, and those 
adopted by the Revisers ; also a revised and much-enlarged series 
of References, 

VALPY'S. For the use of Schools. i2mo. 



cloth, 5j. 

Edited by Rev. Macmichael. See Grammar 

School Classics, 

^tuQents' (ZEDttion0 of tfje ($o0pels anD 
tbe act0. 

Crown ivo. cloth. 
THE GOSPEL OF S. MATTHEW. The 

Greek Text, with Critical, Grammatical, and Explanatory 
Notes, &c., by the late Rev. W. Trollope, M.A, re-edited by 
the Rev. W. H. Rowlandson, M.A. 5j. 
A 2 
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GOSPEL OF S. MARK. The Greek Text, with 
Critical, Grammatical, and Explanatory Notes, Prolegomena, 
&c., by Rev. W. H. Rowlandson, M.A. 4^. ^af. 

GOSPEL OF S. LUKE. The Greek Text, with 

Critical, Grammatical, and Explanatory Notes, &c. , by the late 
Rev. W. TroUope, M.A., revised and re-edited by the Rev. 
W. H. Rowlandson, M.A. 5^. 

ACTS OF THE APOSTLES. The Greek Text, 

with Critical, Grammatical, and Explanatory Notes, and Exami- 
nation Questions, by Rev. W. Trollope, M.A., re-edited and 
revised by the Rev. G. F, Browne, M. A. 5^. 



latin. 

BEDFORD'S PROPRIA QU^ MARIBUS; or, 

Short Rules for the Genders of Latin Nouns, and a Latin 
Prosody. l2mo. is, 

BOSSUT'S LATIN WORD BOOK; or, First Step 
to the Latin Language. i8mo. u. 

LATIN PHRASE BOOK. i8mo. i^. 

FLORILEGIUM POETICUM. A Selection of 

Elegiac Extracts from Ovid and Tibullus. New edition, greatly 
enlarged with English Notes. By the Rev. P. Frost, M.A. 
Fcap. 8vo. 2s. 

GRADUS AD PARNASSUM ; sive nevus sinony- 

morum, epithetorum, versuum, ac phrasium poeticarum, 
thesaurus. Nav edition. By G. Pyper. i2mo..cloth, 7j. 



BY VALPY. Whittaker's Improved edition. 

Latin and English. New edition. Royal i2mo. *js, 6d, 

PENROSE'S (REV. JOHN) Easy Exercises in 

Litin Elegiac Verse. New edition, i2mo. cloth, 2s, 
Key to ditto, for Tutors only, 3^. 6d, 

STODDART'S NEW DELECTUS; or, Easy Steps 

to Latin Construing. For the use of Pupils commencing the 
Language. Adapted to the best Latin Grammars, with a 
Dictionary attached. A^ew edition, i2mo. 4?. 
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atla0e0« 

LONG'S ATLAS OF CLASSICAL GEOGRAPHY. 

Containing Twenty-four Maps. Constructed by William 
Hughes, F.R.G.S., and Edited by George Long, M.A. New 
editiotty with Coloured Outlines, and an Index of Places. 
Royal 8vo. 6j. 

LONG'S GRAMMAR SCHOOL ATLAS OF CLAS- 
SICAL GEOGRAPHY. Containing Ten Maps, selected from 
the larger Atlas. Constructed by W. Hughes, F.R.G.S., and 
edited by George Long, M.A. New edition^ with Coloured 
Outlines. Royal 8vo. 35. 

€ngUs{) Language ano 6@tgceUaneoud* 

ALLEN AND CORNWELL'S SCHOOL 

GRAMMAR. Cloth, is. ^. 

GRAMMAR FOR BEGINNERS. Cloth, is. 

BELL'S MODERN READER AND SPEAKER. A 

Selection of Poetry and Prose, from the Writings of Eminent 
Authors. i2mo. 3^. 6d. 

DUNCAN'S ENGLISH EXPOSITOR; or, Explana- 
tory Spelling-book. Containing an Alphabetical Collection of 
all the most useful, proper, and elegant words in the English 
language, divided into Syllables, and properly accented. New 
edition. i2mo. is, 6d. 

LATHAM'S (R. G.) DICTIONARY OF THE 
ENGLISH LANGUAGE. Abridged and condensed into one 
volume 8vo. cloth, I4f. 

MACKAY (C.) A DICTIONARY OF LOWLAND 
SCOTCH. By Charles Mackay, LL.D. With an Introduc- 
tory Chapter on the Poetry, Humour, and Literary History of 
the Scottish Language, and an Appendix of Scottish Proverbs. 
Large post 8vo. cloth, 7^. 6d. half bound, 8j. 6d. 

A handy and original Vocabulary of the Scottish Language. 
All words are fully explained, and their various uses and signifi- 
cance are illustrated by ample citations from old ballads, legends 
and classic authors, from Allan Ramsay to Bums and Scott. 

SELECTED POEMS AND SONGS OF 

CHARLES MACKAY, LL.D. With a Commendatory and 
Critical Introduction by Eminent Writers. Wide foolscap 8vo. 
half cloth boards, is. 6d, Sewed, is. 
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WEBSTER'S DICTIONARY OF THE ENGLISH 
LANGUAGE. Including Scientific. Technical, and Biblical 
Words and Terms. New edition, with Supplement of over 
4,600 New Words and Meanings. 4to. cloth, i/. u. ; half-calf, 

I/. lOJ. 

— With Appendices. New edition. 4to. cloth, 
£\ 11/. 6</. ; half-calf, 2/. 



1. Julius Caesar. 

2. Romeo and Juliet. 


10, 


II. 


3. King Henry VIII. 


12. 


4. King Lear 


13. 


5. Othello. 


14. 


6. Hamlet. 


15- 


7. A Midsummer Night's 


16. 


Dream. 


17. 


8. Macbeth. 


18. 


9. King John. 


19. 



SHAKESPEARE'S PLAYS, with Text and Intro- 
duction in English and German. Edited by C. Sachs, Prof. 
Ph D. 8va doth, each Play or Number, \od. 

Now Ready : 

King Richard II. 
King Henry IV. I. 
IL 
King Henry V. 
King Richard IIL 
Cymbeline. 
16. Coriolanus. 

Antony and Cleopatra. 
Merchant of Venice. 
Much Ado about Nothing. 
Others to follow. 

" This edition will be quite a godsend to grown-up students of either 
lan|;uage, for the ordinary class reading books are too childish to arrest 
their attention. The parallel paging saves the labour of using a dictionary, 
and the series is so low in price as to place it within the reach of alL"^ 

Saturday Review. 

SHAKESPEARE REPRINTS, i. King Lear. 
Parallel Texts of Quarto I and Folio i. Edited by Dr. W. 
Vietor, of Marburg. Square i6mo. cloth, 3J. 6d. 

The texts of the first quarto and folio, with collations from the 
later quartos and folios, are here printed in a compact and con- 
venient volume, intended as a class-book in the University, 



a9t0cellaneou0 (ZEDucattonal "Boofts. 

BIBLIOGRAPHY OF EDUCATION. Hints 

toward a Select and Descriptive Bibliography of EducatioB*. 
Arranged by Topics, and Indexed by Authors. By G^ Stanley 
Hall, Professor, Tohn Hopkins University, and John* M. 
Mansfield. Post ovo. cloth, pp. xvi.-309, 7^. 6d, 
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CHEPMELL'S (REV. DR.) SHORT COURSE 
OF GRECIAN, ROMAN, AND ENGLISH HISTORY. 
New edition, i2mo. 5^. Questions on, i2mo. is, 

COLTON (B. P.) ELEMENTARY COURSE OF 
PRACTICAL ZOOLOGY. By B. P. Colton, A. M. , Instructor 
in Biology, Ottawa High School. Crown 8vo. cloth, pp. xiv.- 
182, 4r. (id. 

CORN WELL'S SCHOOL GEOGRAPHY. 3^. 6^. 

With Thirty Maps on Steel, 5^. dd, 

GEOGRAPHY FOR BEGINNERS. u. 



With Questions, u. ^, 

DURHAM UNIVERSITY CALENDAR, with 
Almanack. Cloth, is. 6d, [Published annually, 

JOYCE (P. W.) A HANDBOOK OF SCHOOL 
MANAGEMENT AND METHODS OF TEACHING. 
By P. W. Joyce, LL.D., &c. i ith edition, revised. Cloth, 3^. 6d, 

NATURE READERS. Seaside and Wayside. 

No. I. By Julia McNair Wright. Cloth, u. 6</. [ /ust published. 

The first of a Series of Primary Readers for young children. 

It treats of crabs, wasps, spiders, bees, and some univalve 

molluscs. 

PINNOCK'S HISTORY OF ENGLAND. From 
the Invasion of Julius Caesar. With a Biographical and His- 
torical Dictionary. Questions for Examination, Genealogical 
Tables, Progress of Literature and the Constitution, &c. Illus- 
ted. Continued by the Rev. W. H. Pinnock, LL.D. New 
edition, i2mo. dr. 

HISTORY OF GREECE. With an Introduc- 

tion on the Natural and Political Geography of Greece, Dic- 
tionary of Difficult Terms, Questions for Examination, Genea- 
logical Tables, &c. Illustrated. By Dr. W. C. Taylor. N^ 
edition, i2mo. ^s, 6d, 



HISTORY OF ROME. With an Introduc 

tion, the Geography of the Roman Empire, Notices of the 
Roman Manners, and Illustrations, Questions for Examination, 
Chronological Index, &c Illustrated. By Dr. W. C. Taylor. 
New edition. i2mo. $s, 6d, 
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PINNOCK'S CATECHISMS OF THE ARTS, 

SCIENCES, AND LITERATURE Whittaker's Improved 
Editions. Illustrated with Maps, Plates, and Woodcuts, care- 
fully re-edited 1 8mo. price 9</. each. 

HISTORY.— Modem— Ancient— Universal— Bible and Gos- 
pel — Scripture — Chronology— England — Scotland — France — 
America — Rome — Greece — Jews. 

GEOGRAPHY.— Ancient— Modern, Improved Edition— 
Modern, Original Edition — Sacred — England and Wales — Use 
of the Globes. 

GRAMMAR — English — French — German — Italian — Latin 
— Spanish — Greek : Part I. Accidence. Part II. Syntax and 
Prosody — Hebrew. 

MATHEMATICS, &c.— Algebra (two Parts)— Arithmetic 
— Geometry — Navigation — Land Surveying 

RELIGION.— Religion— Natural Theology— Scripture His- 
tory — Bible and Gospel History. 

FINE ARTS, &c.— Architecture— Drawing— Perspective- 
Music — Singing. 

LITERATURE.— Mythology— Rhetoric— Logic— British 
Biography — Classical Biography. 

MISCELLANEOUS.— First Catechism— General Know- 
ledge—Intellectual Philosophy — Agriculture — English Law — 
Heraldry — Medicine — Moral and Social Duties — Trade and 
Commerce, 

SCHLEYER'S GRAMMAR, with Vocabularies of 

Volapuk (the Language of the World), for all Speakers of the 
English Language. Second (greatly Revised) Edition. By 
W. A. Seret, Certificated Teacher of the Universal Language. 
Crown 8vo. pp. 420, sewed, 5^. dd, ; cloth, 6j. dd. 

SHUMWAY(E.S.) A DAY IN ANCIENT ROMP. 

With numerous Illustrations. By Edgar S. Shumway, Pro- 
fessor, Rutger's College, New Brunswick. Small 4to. cloth, 55. 

WATTON'S ORIGINAL AIDS TO EDUCATION. 

Hand-series of Tablets, in Stiff Covers, '^d, each. 



Leading Events of General His- 
tory. 

Chief Events of Old Testament 
History. 



Chief Events of New Testament 

History. 
Prophecies and other Scripture 

Subjects. 
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Chief Events of Grecian History. 
Chief Events of Roman History. 
Chief Events of Eastern Empire. 
Chief Events of German History. 
Chief Events of English History. 
ChiefEnglish Battles and Results. 
ChiefEvents of Scottish History. 
Chief Events of French History. 
Chief Events of Prussian History. 
Chief Events of Russian History. 
Eminent Men of Modern Times. 
Chief Events of Church History. 



The Linnaean System of Botany, 

Natural History — Zoology. 

Natural Philosophy. 

Principles of Grammatical Analy- 
sis, with Examples. 

Guide to English Parsing, with 
Examples. 

Abstract of Heathen Mythology. 

Word Formation — Saxon, La- 
tin, and Greek Prefixes, with 
Examples. 

Chief Grecianand Roman Battles 



Natural System of Botany. i an.d Results. 

LARGE TYPE SERIES OF TABLETS 

(20 by 23 inches), embracing Historical, Geographical, and other 
Subjects, 4^. each, for suspension. 

WATTON'S SKELETON EXERCISE BOOKS. 

For History, Geography, Biography, Analysis, Parsing, and 

Chronology, with Script Headings and Specimen Page. Price 

regulated by the thickness of the books, \s. and 2J. each. 

Also now ready, a filled Biographical Exercise Book, 2 Series, each ij> 

Charts systematically arranged with date words, 60 pages, 

cloth, IJ. Selected Descriptive Poetry, \s. 

Object Lessons, Nos. i, 2, 3, and 4, 32 p., in stiff covers, 2d, each. 



^cbool anD ainitietsttp analyse?. 

By the Rev. Dr. Pinnock, 

AN ANALYSIS OF SCRIPTURE HIS- 
TORY ; Intended for Readers of Old Testament History, and 
the University Examinations ; with Maps, Copious Index, and 
Examination Questions. i8mo. cloth, 3^. 6</. 

AN ANALYSIS OF NEW TESTAMENT 

HISTORY; Embracing the Criticism and Interpretation of 
the original Text; with Questions for Examination. i8mo. 
cloth, \s, 

AN ANALYSIS OF ECCLESIASTICAL 
HISTORY ; From the Birth of Christ, to the Council of 
Nice, A.D. 325. With Examination Questions. i8mo. cloth, 
3^. dd. 
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ANALYSIS OF ENGLISH CHURCH HIS- 

TORY ; comprising the Reformation period, and subsequent 
events ; with Questions of Examination, especially intended for 
the Universities and Divinity Students in general. i8mo. cloth, 

A SHORT ANALYSIS OF OLD TESTA- 
MENT HISTORY. With Questions for Schools. i8mo. 
cloth, IS, (yd, 

A SHORT ANALYSIS OF NEW TESTA- 
MENT HISTORY. With Questions for Schools. i8mo. 
cloth, IS, 6d, 

arittimetic. 

PINNOCK'S ARITHMETICAL TABLES OF 
MONEY, WEIGHTS, AND MEASURES. With Questions 
for Examination, and Explanatory Notes, &c. i8mo. yi, 

FIRST CIPHERING BOOK. Containing 

Easy Exercises in the First Rules of Arithmetic. 4to. sewed, is, 

RYAN'S CIVIL SERVICE ARITHMETICAL 

EXAMINATION PAPERS. By L J. Ryan. Cloth, 2s, 

Key to Ditto, is. 6d, 

SONNENSCHEIN AND NESBITT'S 

ARITHMETIC. The Science and Art of Arithmetic for the 
use of Schools. Post 8vo. $s, 6d, Or separately. Part I. — 
Int^^al. 2s, 6d, Parts II. and III. — Fractional and Approxi- 
mate Calculations, ys, 6d. Answers to the Exercises, is. 6d, 
Exercises separately. Part I. i^. Parts II. and III. i^. yi, 

A B C OF ARITHMETIC. Teacher's Book, 

Nos. I and 2, each is. Exercise Book, Nos. i and 2, each ^. 

WALKINGAME'S TUTOR ASSISTANT 

(FRASER*S). Being a Compendium of Arithmetic and a 
Complete Question Book. i2mo. 2s, Key, y. 



a^ucUD. 

EUCLID, THE FIRST BOOK OF. With an In- 
troduction and Collection of Problems for the use of Schools. 
By J. M. Wilson, M. A. 2nd edition, ^io. 2s. 
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EUCLID, THE FIRST SIX BOOKS, together with 
the ELEVENTH and TWELFTH. From the Text of Dr. 
Simson. New edition, revised and corrected by S. Maynard. 
i8mo. 4r. 



MODERN LANGUAGES. 
JFrencb- 

BARRERE (A.) PROFESSOR, R.M.A. Woolwich. 
PRfiCIS OF COMPARATIVE FRENCH GRAMMAR 
AND IDIOMS, and Guide to Examinations. Cloth. Second 
edition, revised, y, 6d, 

JUNIOR GRADUATED FRENCH COURSE 

affording materiak for Translation, Grammar, and Conversa- 
tion. Being an introduction to the Graduated French Course. 
Cloth, IS, 6d, 

ELEMENTS OF FRENCH GRAMMAR 

AND FIRST STEPS IN IDIOMS. With numerous 
Exercises and a Vocabulary, being an Introduction to the 
Precis of Comparative French Grammar. Crown 8vo. cloth, 2s, 

BELLENGER'S MODERN FRENCH CONVER- 
SATION. Containing Elementary Phrases and New Easy 
Dialogues, in French and English, on the most familiar sub« 
jects. i2mo. 2s, 6d, 

BOSSUT'S FRENCH WORD BOOK. i8mo. is, 

FRENCH PHRASE BOOK. i8mo. is, 

BOWER. PUBLIC EXAMINATION FRENCH 

READER. See Examination Series, 

DELILLE'S FRENCH GRAMMAR. In Two 

Parts. I. — Accidence. II. — Syntax, written in French, with 
Exercises conducive to the speaking of the French Language, 
&c. i2mo. 5j. 6d, Key, 3j. 

EASY FRENCH POETRY FOR BEGIN- 

NERS ; or. Short Selections in Verse on a Graduated Plan for 
the Memory. With English Notes. i2mo. 2s, 
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DELILLE'S MODELES DE POESIE FRANCAIS. 

With Treatise on French Versification. New edition, i2mo. 
6x. 

REPERTOIRE DES PROSATEURS FRAN- 

CAIS. With Biographical Sketches, &c. Neio edition, 
i2mo. 6s. 6d. 

MANUEL ETYMOLOGIQUE ; or, an Inter- 

pretative Index of the most recurrent Words in the French 
Language. i2mo. 2j. 6d» 

BEGINNER'S OWN FRENCH BOOK. 



Being a Practical and Easy Method of Learning the Elements 
•of the French Language. i2mo. cloth, 2s. Key, 2j, 

DES CARRIERE'S FRENCH IDIOMATICAL 
PHRASES AND FAMILIAR DIALOGUES. Square, 
3J. 6ti. 

HISTOIRE DE FRANCE, DEPUIS 

L'ETABLISSEMENT DE LA MONARCHIE. Continuee 
jusqu'au retablissement de I'Empire sous Napoleon III., par 
C. J. Delille. i2mo. ^s. 

DUVERGER'S COMPARISON BETWEEN THE 
IDIOMS, GENIUS, AND PHRASEOLOGY OF THE 
FRENCH AND ENGLISH LANGUAGES. Ncw edition, 
i2mo. 4f. 6^. 

GASC (F. E. A.) AN IMPROVED MODERN 
POCKET DICTIONARY OF THE FRENCH AND 
ENGLISH LANGUAGES. New editioft, i6mo. cloth, 
2J. 6d. Also in 2 vols, in neat leatherette, 5^. 

MODERN FRENCH-ENGLISH AND ENO- 

LISH-FRENCH DICTIONARY. Neiu edition, revised. 
In I vol. 8vo. los. 6d, 

HAMEL^S NEW UNIVERSAL FRENCH GRAM- 

MAR. Neiv Edition. i2mo. 4?. 

GRAMMATICAL EXERCISES UPON THE 

FRENCH LANGUAGE. Neiu edition. i2mo. 45-. Key, 3^. 

FRENCH GRAMMAR AND EXERCISES. 



New edition. i2mo. ^s. 6d. Key, 4f. 

LE VIZ AC'S DICTIONARY OF THE FRENCH 

AND ENGLISH LANGUAGES. Nezv edition, by N. Lam- 
bert. i2mo. 6s. 6d. 
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NUGENT'S POCKET DICTIONARY OF THE 
FRENCH AND ENGLISH LANGUAGES. New edition, 
revised by J. C. J. Tarver. Pearl edition, 4f. 6d. 

OLLENDORFS (Dr. H. G.) NEW METHOD 
OF LEARNING TO READ, WRITE, AND SPEAK 
A LANGUAGE IN SIX MONTHS. Adapted to the 
French. New edition. i2mo. dr. 6d, Key, 8vo. 7j. 

PRACTICAL COMMERCIAL CORRESPON- 
DENCE. See Miscellaneous. 



^f)ittakec'0 €ramination Series. 

THE PUBLIC EXAMINATION FRENCH 

READER. With a Vocabulary to every extract, suitable for 

all Students who are preparing for a French Examination. By 

A. M. Bower, F.R.G.S., late Master in University College 

School, &c. Cloth, 3J. 6d, 

" The book is a very piactical and useful one, and it must prove very handy 

for students who are preparing for a French examination, the persons for whose 

special aid it has been specially provided. It would also serve admirably for use 

in schools as a class book."- Schoolmaster. 



aaif)ittafeer'» iFrencb ^eri'ejBi. 

For the use of Schools and Private Students. Edited by 
A. Barrere, Prof. R.M.A. Woolwich, &c., and others. Each 
number with a literary Introduction and Arguments in English, 
foot-notes explaining the more difficult passages, and translations 
of the idiomatic expressions into the corresponding English idioms. 

Fcap. 8vo., each number, sewed, dd, ; cloth, gd» 

Now Riady : — 

1. SCRIBE. LE VERRE D»EAU. Barrere. 

2. MOLIERE. LE BOURGEOIS GENTILHOMME. Gasc. 

3. MOLIERE. L'AVARE. Gasc. 

4. SOUVESTRE. SOUS LA TONNELLE. Desages. 

5. MOLIERE. LE MISANTHROPE. Gasc. 

6. GALLAND. ALI BABA. Clare. 
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7. CORNEILLE. LE CID. Gasc. 

8, 9. LAMARTINE. JEANNE D'ARC. Barr^re. 
10, II. PIRON. LA METROMANIE. Delbos. 

Others tofollcw. 



2i0l)tttalter'jei jFtencl) Classics, \oxx^ 

Fcap, Svo. cloth, 

AVENTURES DE TELEMAQUE. Par F^n^- 
lon. New edition. Edited and revised by C J. Delille. 2J. 6</. 

HISTOIRE DE CHARLES XII. Par Voltaire. 
New edition. Edited and revised by L. Direy. is, 6d, 

PICCIOLA. Par X. B. Saintine. New edition. Edited 
and revised by Dr. Dubuc. is, 6d, 

SELECT FABLES OF LA FONTAINE. Mta 

edition. Edited by F. Gasc, M.A. is, 6d. 



Cfflbittaker^iB Series of figoDern iTrencf) 
autf)or0. 

WITH INTRODUCTION AND NOTES. 

For Beginners, 

LA BELLE NIVERNAISE. Histoire d'un vieux 

bateau et de son Equipage. By Alphonse Daudet. With 6 

illustrations. Edited by James Boielle, Senior French Master 

at Dulwich College. 2s, 6d, [Ready. 

For Advanced Students. 
BUG JARGAL. By Victor Hugo. Edited by 
James Bplelle, Senior French Master at Dulwich College. 3^. 
Others to follow, [Ready. 
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German. 

FLUGEL'S COMPLETE DICTIONARY OF THE 
GERMAN AND ENGLISH LANGUAGES. Comprising 
the German and English, and English and German. Adapted 
to the English Student, with great Additions and Improvements. 
By C. A. Feiling, A. Heimann, and J. Oxenford. New edition. 
2 vols. 8vo. i/. I J. 

ABRIDGED GERMAN AND ENGLISH, 

AND ENGLISH AND GERMAN DICTIONARY. 
Carefully compiled from the London Edition of Fliigel's larger 
Dictionary. By C. A. Feiling and J. Oxenford. New edition. 
Royal i8mo. 6j. 

GRENFELL'S ELEMENTARY GERMAN EX- 
ERCISES. Part I. Adapted to the Rugby School German 
Accidence. i2mo. is, 6d. 

OLLENDORFF'S (Dr. H. S.). NEW METHOD 
OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the German. 
New edition. Crown 8vo. 7^. Key, 8vo. 7^. 

WHITTAKER'S COURSE OF MODERN 

GERMAN. By F. Lange, Ph.D., Professor, R.M.A. Wool- 
wich. Examiner in German to the College of Preceptors, London ; 
Examiner in German at the Victoria Univereity, Manchester, 
and J. F. Davis, M. A., D.Lit. Extra fcap. 8vo. cloth. 

A CONCISE GERMAN GRAMMAR. With especial refe- 
rence to Phonology, Comparative Philology, English and Ger- 
man Correspondences, and Idioms. By Frz. Lange, Ph.D., 
Professor at the Royal Military Academy, Woolwich. In three 
Parts. Part I., Elementary, 2j. Part II., Intermediate, 2s, 
Part III. in the press. 

ELEMENTARY GERMAN READER. A Graduated Col- 
lection of Readings in Prose and Poetry. With English Notes 
and a Vocabulary. By F. Lange, Ph.D. is, 6d, 

ADVANCED GERMAN READER. A Graduated Collection 
of Readings in Prose and Poetry. With English Notes and a 
Vocabulary. By F. Lange, Ph.D. and J. F. Davis, M.A., 
D.Lit. [Nearly ready, 

PROGRESSIVE GERMAN EXAMINATION 

COURSE. In Three Parts. By F. Lange, Ph.D., Prof. 

R.M.A, Woolwich, Examiner in German to the College of 

Preceptors. 

Comprising the Elements of German Grammar, ah Historical 
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Sketch of the Teutonic Languages, English and German Corre- 
spondences, Materials for Translation, Dictation, Extempore, 
Conversation and complete Vocabularies. 

1. ELEMENTARY COURSE. Cloth, 2^ 

2. INTERMEDIATE COURSE. Cloth, 2j. 

3. ADVANCED COURSE. Second revised edition. Cloth, 
\5. 6d. 

"We cordially commend it as a useful help to examiners, who will find it well 
adapted to their needs." — Practical Teacher. 

In Preparation. 

GERMAN CONVERSATIONAL DICTION- 

ARY. A Guide to Modern German Conversation. For the 
Every-day Purposes of Travellers and Students. By G. May 
and J. F. Davis, M.A., D.Lit. 



cait)ittaitec'0 (Sherman Clas0jc0, tDit() 
(!EngfU0[) JI3ote0- 

Fcap, Svo. cloth. 

GERMAN BALLADS. From Uhland, Goethe, 
and Schiller. With Introductions to each Poem, copious 
Explanatory Notes, and Biographical Notices. By C. Bielefeld. 
\s. 6d. 

GOETHE'S HERMANN AND DOROTHEA. 

With Short Introduction, Argument, and Notes Critical and 
Explanatoiy. By Ernest Bell and E. Wolfel. is. td. 

SCHILLER'S MAID OF ORLEANS. With Intro- 
duction and Notes. By Dr. Wagner, u. 6d. 

MARIA STUART. With Introduction and 



Notes By V. Kastner, M.A. is. dd. 
WALLENSTEIN. Complete Text. Neiv 

edition. With Notes, Arguments, and an Historical and 
Critical Introduction. By C. A. Buchheim, Professor, Ph.D., 
5j. Or separately— Part I.— THE LAGER AND DIE PIC- 
COLOMINI. 2J. 6^. Part II.— WALLENSTEIN'S TOD. 
2J. (id. 
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OObtttaiter'iS Series of a^onern (Sherman 
autDors* 

With Introduction and Notes, Edited by F, Lange^ Ph,D,y 
Professor, Royal Military Academy y Woolwich, 

The attention of the heads of Colleges and Schools is respectfully 
directed to this new Series of " Modern German Authors " 
which is intended to supply the much-felt want of suitable Reading 
Books for English Students of German who have passed through 
the preliminary stages of fables and anecdotes. 

To those who wish to extend their linguistic and grammatical 
knowledge, these volumes will afford, in one respect, a great 
advantage over those of an earlier period, presenting, as they do, 
the compositions of the best living, or only recently deceased 
authors. The Notes, besides etymological and other explanations, 
will contain many useful idiomatic expressions suggested by the text, 
and worth committing to memory. 

FIRST SERIES, 

For Beginners. Edited, with a Grammatical Introduction, 
Notes, and a Vocabulary, by F. Lange, Ph.D^, Professor, R.M.A. 
Woolwich, Examiner in German to the College of Preceptors, 
and H. Hager, Ph.D., Examiner in German to the London 
University. 

KEY'S FABELN FUR KINDER. Illustrated by O. Speckter. 

Edited, with an Introduction, Grammatical Summary, Words, 

and a complete Vocabulary. By F. Lange, Ph.D., Professor. 

is. 6d. 
The Same, with a Phonetic Introduction, Phonetic Transcription of 

the Text. By F. Lange, Professor, Ph.D. 2s, 

SECOND SERIES. 

For Intermediate Students. Edited, with a Biogra- 
phical Introduction, Notes, and a complete vocabulary, by F. 
Lange, Ph.D., Professor, and H. Hager, Ph.D. 

DOKTOR WESPE. Lustspiel in fxinf Aufzugen von JULIUS 
RODERICK BENEDIX. Edited by F. Lange, Ph.D., 
Professor. 2s. 6d, 

SCHILLER'S JUGENDJAKRE. Erzahlung von FRZ. KOFF- 
MANN. Edited by K. Hager, Ph.D., Professor. [In press. 
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THIRD SERIES. 

For Advanced Students. Edited, with a Literary In- 
troduction and Notes, by F. Lan^, Ph.D., Professor, R.M.A. 
Woolwich, in co-operation with F. Storr, B.A. ; A. A. Mac- 
donell, M.A. ; H. Hager, Ph.D. ; C. Neuhaus, Ph.D. and 
others. 

MEISTER MARTIN, der Kufner. Erzahlung von E. T. A. Hoff- 
man. Edited by F. Lange, Ph.D., Professor, Royal Military 
Academy, Woolwich, is, (id, 

HANS LANGE. Schauspiel von Paul Heyse. Edited by A. A. 
Macdonell, M.A., Ph.D., Taylorian Teacher, University, 
Oxford. 2s, 

AUF WACHE. Novelle von Berthold Auerbach. DER GEFRO- 
RENE KUSS. Novelle von Otto Roquette. Edited by 
A. A. Macdonell, M.A. 2s, 

DER BIBLIOTHEKAR. Lustspiel von G. von Moser. Edited 
by F. Lange, Ph.D. Second revised Edition. 2s. 

EINE FRAGE. Idyll von George Ebers. Edited by F. Storr, 
B.A., Chief Master of Modem Subjects in Merchant Taylor's 
School. 2J. 

DIE JOURNALISTEN. Lustspiel von Gustav Freytag. Edited 
by Professor F. Lange, Ph. D. Second revised Edition. 2s,6d, 

ZOPF UND SCHWERT. Lustspiel von Karl Gutzkow. Edited 
by Professor F. Lange, Ph.D. 2s. 6d, 

GERMAN EPIC TALES IN PROSE. I. Die Nibelungen, 
von A. F. C. Vilmar. — II. Walther und Hildegund, von Albert 
Richter. Edited by Karl Neuhaus, Ph.D., the International 
College, Isleworth. 2s, 6d, 
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BARETTFS DICTIONARY OF THE ENGLISH 

AND ITALIAN LANGUAGES. To which is prefixed an 
Italian and English Grammar. New Edition^ entirely re- 
written. By G. Comelati and J. Davenport. 2 vols. 8vo. 

l/. IS, 
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GRAGLIA'S NEW POCKET DICTIONARY OF 
THE ITALIAN AND ENGLISH LANGUAGES. With 
considerable Additions, and a Compendious Elementary Italian 
Grammar. i8mo. 4^. 6d, 

OLLENDORFF (DR.' H. G.) NEW METHOD 
OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the Italian. 
New Edition. Crown 8vo. 7^. Key, 8vo. yj. 

SOAVE'S NOVELLE MORALI. New Edition. 
i2mo. 4^. 

VENERONI'S COMPLETE ITALIAN GRAM- 
MAR. By P. Rosteri. i2mo. 6s. 

VERGANI AND PIRANESI'S ITALIAN AND 
ENGLISH GRAMMAR. With Exercises, &c. By J. 
Guichet. New edition, by Signor A. Tommasi. l2mo. $s. 
Key, 3J. 



lElu00tan« 

DOLBESHOFF (E.) A DICTIONARY OF THE 
RUSSIAN AND ENGLISH LANGUAGES. In two 
volumes. Vol. I. Russian>£nglish. Vol. II. English-Russian. 
Compiled by E. Dolbeshoff in co-operation with C. E. Turner, 
Professor of English Language and Literature at the University, 
St. Petersburg. [Preparing. 



NEUMAN AND BARETTPS SPANISH AND 
ENGLISH, AND ENGLISH AND SPANISH DIC- 
TIONARY. Revised and enlarged by M. Seoane, M.D. 
2 vols. 8vo. I/. 8j. 

POCKET DICTIONARY. Spanish and Eng- 



lish, and English and Spanish. Compiled from the larger 
work. i8mo. 5^. 



26 Whittaker and Go's List of 

OLLENDORFF'S (DR. H. G.) NEW METHOD 
OF LEARNING TO READ, WRITE, AND SPEAK A 
LANGUAGE IN SIX MONTHS. Adapted to the Spanish. 
New edition, 8vo. I2s, Key, 8vo. 7j. 

ENGLISH. SPANISH TECHNOLOGICAL 



DICTIONARY. 8vo. i/. idf. See page 29. 

IPracttcal o^ercanttle Corresponlience« 

A Collection of Commercial Letters and Forms, with Notes, 
Explanatory and Grammatical, and a Vocabulary of Commercial 
Terms, edited by L. Simon, Chr. Vogel, Ph.D., H. P. Skelton, 
W. C. Wrankmore, Leiand Mason, and others. Intended as Class 
Books for Schools and for Self-Instruction. 

Now Ready y crown 8w., cloth : 
ENGLISH, with German Notes, y. 
GERMAN, with English Notes, 3J. 
ENGLISH, with French Notes, 4J. 6d, 
FRENCH, with English Notes, 4^. td. 

This new Collection of Model Letters and Epistolary Forms 
embraces the whole sphere of Commercial Transactions. Each 
example is provided with such remarks and explanations, that any 
one with a fair grammatical knowledge of the particular language 
will find it an easy matter to prepare a well-expressed letter. 

€ht ^peciaUsf0 %ztm. 

A New Series of Handbooks for Students and Practical 
Engineers. Crown Svo. With many Illustrations, 

GAS ENGINES. Their Theory and Management. 
By William Macgregor. With 7 Plates. Crown 8vo. pp. 245, 
8j. 6d. 

BALLOONING: A Concise Sketch of its History and 
Principles. From the best sources. Continental and English. 
By G. May. With Illustrations. Crown 8vo. pp. vi.-97, 
2s, (yd, 

ELECTRIC TRANSMISSION OF ENERGY, 

and its Transformation, Subdivision, and Distribution. A 
Practical Handbook by Gisbert Kapp, C.E., Associate Member 
of the Institution of Civil Engineers, &c. With 119 Illustra- 
tions. Crown 8vo. pp. xi.-33i. *]5, 6d, 



Classical and Educational Works, 27 

ARC AND GLOW LAMPS. A Practical Hand- 
book on Electric Lighting. By Julius Maier, Ph.D., Assoc. 
Soc Tel. Eng., &c. With 78 Illustrations. Crown 8vo. pp. 
viiL-376. 'js, 6d, 

ON THE CONVERSION OF HEAT INTO 
WORK. A Practical Handbook on Hcat-Engines. By 
William Anderson, M. Inst. C.E. With 64 iflustrations. 
Pp. viii.-254. Cr. 8vo. 6s, 

SEWAGE TREATMENT, PURIFICATION 

AND UTILISATION ; A Practical Manual for the Use of 
Corporations, Local Boards, Officers of Health, Inspectors of 
Nuisances, Chemists, Manufacturers, Riparian Owners, Engi- 
neers and Ratepayers. By J. W. Slater, F.E.S., Editor of 
"Journal of Science." Crown 8vo. cloth, price 6s, 

THE TELEPHONE. By W. H. Preece, F.R.S., 
and J. Maier, Ph.D. With numerous illustrations. Cr. 8vo. 
12s, 6d, 

MANURES, OR THE PHILOSOPHY OF 

MANURING. By Dr. A. B. Griffiths, F.R.S.Ed., F.C.S., 
Principal and Lecturer on Chemistry in the School of Science, 
Lincoln, &c., &c. Cr. 8vo. Is, 6d, 

In preparation, 
GALVANIC BATTERIES. By Professor George Forbes, 

M.A. 
INDUCTION COILS. By Professor A. J. Fleming, M.A., 

D.Sc. 
HYDRAULIC MOTORS. By George R. Bodmer, Assoc. 

M. Inst.C. E. {Immediately, 

THE DYNAMO. By Guy C. Fricker. 
ALTERNATING CURRENTS OF ELECTRICITY. 

By Thomas H. Blakesley, M.A., M.Inst. C.E. {Immediately, 
Others to follow. 



NIPHER (F. E.) THEORY OF MAGNETIC 
MEASUREMENTS, WITH AN APPENDIX ON THE 
METHOD OF LEAST SQUARES. One volume. Crown 
8vo. cloth, 5^. 

PLANTfe (G.) THE STORAGE OF ELECTRI- 
CAL ENERGY, and Researches in the Effects created by Cur- 
rents combining Quantity with High Tension. Translated from 
the French by Paul Bedford Elwell. With Portrait, and 89 
Illustrations. 8vo. pp. vii.-268, cloth, izr. 
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Small crown Svo, cloth. With many Illustrations, 

SiQt)ittaftec^i5 iLibrat^ of arts, Sciences, 
a^anufactures aim Blnnustrtes. 

MANAGEMENT OF ACCUMULATORS 
AND PRIVATE ELECTRIC LIGHT INSTALLA- 
TIONS. A Practical Handbook by Sir David Salomons, 
Bart., M.A. 4th Edition, Revised and Enlarged, with 32 Illus- 
trations. Cloth, 3J. 

*• To say that this book b the best of its kind would be a poor compliment, 
as it is practically the only work on accumulators that has been written." — 
Electrical Review, 

ELECTRICAL INSTRUMENT - MAKING 

FOR AMATEURS. A Practical Handbook. By S. R. 
Bottone, Author of * * The Dynamo," &c. With 60 Illustrations. 
Second edition. Cloth, 3^. 

ELECTRIC BELLS AND ALL ABOUT 

THEM. A Practical Book for Practical Men. By S. R. 
Bottone. With more than 100 illustrations. Cloth, 3J. 

PRACTICAL IRON FOUNDING. By the 

Author of •* Pattern Making," &c., &c. Illustrated with over 
one hundred engravings. Cloth, 4J. 

THE PROTECTION OF BUILDINGS FROM 

LIGHTNING. A Treatise on the Theory of Lightning 
Conductors from a Modern Point of View. Being the substance of 
two lectures delivered before the Society of Arts in March, 1888. 
By Oliver J. Lodge, LL.D., D.Sc. F.R.S., Professor of Phy- 
sics in University College, Liverpool. 

Published with various amplifications and additions, with the 
approval of the Society of Arts. \Shortly, 

ELECTRICAL INFLUENCE MACHINES: 

Containing a full account of their historical development, their 
modern Forms, and their Practical Construction. By J. Gray. 
B.Sc. [In press, 

ELECTRICAL ENGINEERING IN OUR 

WORKSHOPS. A Practical Handbook. By Sydney F. 

Walker. [Ready shortly. 
Others in preparation. 
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Cecbnological Dictionaries. 

ENGLISH AND GERMAN 

WERSHOVEN (F. I.) TECHNOLOGICAL 
DICTIONARY OF THE PHYSICAL, MECHANICAL, 
AND CHEMICAL SCIENCES. English and German. 
2 vols, cloth, 5^. 

ENGLISH— SPANISH. 

PONCE DE LEON. TECHNOLOGICAL DIC- 

TIONARY. English-Spanish and Spanish-English. Con- 
taining Terais enaployed in the Applied Sciences, Industrial 
Arts, Mechanics, Fine Arts, Metallurgy, Machinery, Commerce, 
Ship-building and Navigation, Civil and Military Engineering, 
Agriculture, Railway Construction, Electro-technics, «c. 

Vol. I.— English-Spanish. 8vo. bound, ;^i idr. 

Vol. II.— Spanish-English. \In preparation. 

PostZvo. 814//. 10 J. 6d, 

HOBLYN^S DICTIONARY OF TERMS USED 
IN MEDICINE AND COLLATERAL SCIENCES. iiM 
edition. Revised throughout, with numerous Additions. By 
John A. P. Price, B.A., M.D. Oxon., Assistant-Surgeon to the 
Koyal Berkshire Hospital. 

This new edition has undergone complete revision and emen- 
dation. Many terms, fallen more or less into disuse, have been 
omitted ; and a considerable amount of fresh matter has been 
introduced, in order to meet the requirements of the present day. 
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I vol, cUmy 4/0. with 25 Double and 40 SingU Plates, £2 10s. 

TECHIICAL SCHOOL AID COLLEGE BUILDIM 

Being a Treatise on the Design and Construction of 

Applied Science and Art Buildings^ and 

their suitable Fittings and 

Sanitation. 

WITH A CHAPTER ON TECHNICAL EDUCATION. 

By EDWARD COOKWORTHY ROBINS, F.S.A. 

Outline of Contents. — Introduction — English and Foreign 
Technical Education — Analysb of the Second Report of the Royi 
Commissioners on Technical Education — Buildings for Applied 
Science and Art Instruction, with examples of Foreign and English 
Buildings— Anal^is of the Fittings necessary for these Buildings- 
British and Foreign Examples of the Details of the Fittings —Heat 
ing and Ventilation generally — Heating and Ventilation necessaiy 
for Applied Science and Instruction Buildings — The Planning 0: 
Buildings for Middle Class Education — Sanitary Science — Appendix. 

Full prospectus post free on application, 

** It will prove an indispensable work of reference to architects, builders, aoi 
managers of technical schools." —S^cta/ffr. 

'* A most valuable contributioii to architectural ^ttntnTt"-^BriirsA Arckiiect. 



THE CHEUCiL AMiLTSIS OF IROI. 

A Complete Account of all the Best Known Methods for the Analysis 
of Iron, Steel, Ores, &c. 
By A. A. BLAIR, Chief Chemist, U.S. Geol(%ical Survey, &c. 
Royal 8vo. 14J. 



THE CONSTROCTIOR, WORKING AND lANiGEIENT OF U 
EN6USH RAILWAY. 

By GEORGE FINDLAY, 

General Manager of the London and North- Western Railway. 

WITH NUMEROUS ILLUSTRATIONS. 

\^Immediaielj> 
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iFamiltat Quotation ^ette0. 

Cloth limp, IS, ; Half -bound, is, 6d. 

1. FAMILIAR LATIN QUOTATIONS AND PROVERBS. 

2. FAMILIAR FRENCH QUOTATIONS AND PROVERBS. 

3. FAMILIAR ENGLISH QUOTATIONS. 

4. A HANDY CLASSICAL DICTIONARY, for Family and 

School use. 

5. BIBLE TRUTHS WITH SHAKESPEARIAN PAREL- 

LELS, showing the indebtedness of Shakespeare to the 
Bible. 

6. A HANDY BOOK OF SYNONYMS, containing about 

33,cxx) English words. 

7. THE SECRETARY'S ASSISTANT AND CORRESPON- 

DENTS GUIDE, showing the correct mode of addressing, 
by letter or otherwise, persons of every degree of rank. 

8. THE TOURIST'S FRENCH PRONOUNCING HAND- 

BOOK, giving the nronunciation for the use of travellers 
who have little or no knowledge of the French language. 

9. REASONS WHY WE BELIEVE THE BIBLE. By the 

Rev. James Copland, M.A. 

10. TALES* FROM SHAKESPEARE. By Charles Lamb. 

11. A DICTIONARY OF DAILY BLUNDERS, correcting 

mistakes constantly made in speaking and writing. 

12. RASSELAS. By Dr. Johnson. 

13. ELIZABETH, OR THE EXILES OF SIBERIA. 

14. REJECTED ADDRESSES. By Horace and James Smith. 

15. A DICTIONARY OF ENGLISH PROVERBS. 

i6. PLUTARCH'S LIVES OF ILLUSTRIOUS MEN, for 

Family and School use. 
17. DE QUINCEY'S OPIUM EATER. 

i8. THE STORY OF THE NEW TESTAMENT. By the 
Rev. A. Carter, M.A. 

19. A HANDY DICTIONARY OF MYTHOLOGY, for every- 

day readers and for School use. 

20. MOORE'S IRISH MELODIES. 

21. MOORE'S LALLA ROOKH. 
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FAMILIAR QUOTATION SERIES— fw/mi/ifd'. 

TRIPLICATE VOLUMES, tooled and coloured edge 
3f. each, 

1. HANDBOOK FOR WRITERS AND READERS (English 

Comprising Dictionary of Blunders Corrected, 33,000 Syn< 
nymsy and Secretary's Assistant and Correspondent's Guide 

2. REFERENCE HANDBOOK OF FAMILIAR QUOTi 

TIONS, English, French, and Latin. 

3. LAMB'S TALES FROM SHAKESPEARE, RASSELAJ 

and ELIZABETH. 

4. REFERENCE HANDBOOK FOR BIBLE AND GENERA 

READERS, comprising Story of the New Testament, Bib 
Truths with Shakespearian Parallels, and Reasons why v 
Believe the Bible. 

5. HANDBOOK FOR WRITERS AND READERS (Clasj 

cal), comprising Classical Dictionary, Plutarch's Lives, ar 
Mythology. 



DUPLICATE VOLUME, Price 2s. 

Comprising TOURIST'S FRENCH PRONOUNCING HANI 
BOOK, with PHRASES, etc. 



Specially Bound, and neatly arranged in a Box, 
Price \os, 6d, 

THE 
MINIATURE REFERENCE LIBRARY, 

COMPRISING 9 VOLUMES OF THE ABOVE. 



1. Latin Quotations. 

2. French Quotations. 

3. English Quotations. 

4. Classical Dictionary. 

5. Book of 33,000 Synonyms. 



6. Secretary's Assistant and 

Correspondent's Guide. 

7. Dictionary of Blunders Cc 

rected. 

8. Plutarch's Lives. 

9. Dictionary of Mythology. 



CUISWICK PRESS :~C. WHITTINGHAM AND CO., TOOXS COURT, 
CHANCKRY LANS. 
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